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EFFECTS OF ACTIVATED CARBON IN THE DIGES- 
TION OF FRESH SOLIDS-ACTIVATED 
SLUDGE MIXTURES 


By G. EK. Frowrer, Cuester B. Bupp anp CHartes Hauck 


Superintendent, Sewage Plant Operator and Chemist, Southerly Sewage Treatment Plant, 
Cleveland, Ohio 


Interest in the applications of activated carbon to sewage treatment 
is rapidly growing. There is recorded in the literature the experience 
of some twelve plants with activated carbon in sewage treatment and 
disposal. A brief summary of these reported experiences follows. A 
number of the plants, such as those at Rochester, N. Y., and Medina, 
Ohio, found activated carbon effective in reducing odors. Three plants 
reported improved digestion in unheated digestion tanks. Other plants 
experienced an acceleration of, and increase in, gas production. Acti- 
vated carbon has also been useful in the elimination of scum nuisances 
and in grease removal from primary tanks. Drainability on sand beds 
and filtrability on mechanical filters were enhanced at several plants. 
Improvement of sedimentation in the primary tanks, the correction of 
bulking sludge, and better performance of the humus tank are other re- 
ported benefits resulting from the use of activated carbon. 

During the past five years the sewage treatment facilities of Cleve- 
land, Ohio, have been vastly improved and greatly enlarged. The 
contributing metropolitan area is roughly divided into three sections: 
westerly, southerly and easterly. The sewage of each district is 
treated at the plant located in that district. The Easterly Plant is an 
activated sludge plant of 120 m.g.d. capacity equipped with comminu- 
tors, detritors, degreasing tanks, aeration tanks and final settling tanks. 
The primary and excess sludge from this plant will be pumped through 
a 13 mile pipe line to the Southerly Plant for further treatment and 
ultimate disposal. To enable the Southerly Plant to handle these sol- 
ids, a large construction program was initiated and is now nearing com- 
pletion. After concentration in conically shaped tanks, the sludge is 
to be digested in the world’s largest heated digestion installation; 
namely, twelve hexagonal tanks having a combined capacity of 2,000,000 
cubie feet. After digestion the sludge will be conditioned with ferric 
chloride and lime and partially dewatered on mechanical vacuum filters 
to a moisture content of about 75 per cent. This dewatered sludge will 
then be incinerated in four rabbled multi-hearth furnaces. 

It was with the hope of throwing light on anticipated plant prob- 
lems that experimentation with activated carbon (Nuchar) was under- 
taken. The carbon used was generously supplied by the Industrial 
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Chemical Sales Co., Division of the West Virginia Pulp and Paper Co., 
through Mr. R. N. Statham of their Cleveland office. The problems 
anticipated and investigated were the effect of activated carbon on: 
(1) Odor control and possible applications in the concentration tanks ; 
(2) the digestion process as shown in gasification, pH control, and sol- 
ids destruction; (3) the settleability of the digested sludge as well as 
filtrability, and some possible applications to mechanical-vacuum filtra- 
tion; (4) the possibility of economizing on the dosages of ferric chloride 
and lime for sludge conditioning before filtration, through the use of 
activated carbon. 
EXPERIMENTAL APPARATUS 


In order to duplicate actual plant operating conditions we compos- 
ited, in a one-gallon bottle, 0.6 liter of fresh solids (7 to 9 per cent 
solids) and 3.2 liters of activated sludge (0.25 to 0.40 per cent solids) 
in order to give a mixture containing 1 to 2 per cent solids. To develop 
sufficient activated sludge for our needs, we built a tank (32 by 24 by 
12 in.) out of galvanized iron. Two National Carbon Co. tube air dif- 
fusers were suspended in the tank 6 in. from either end and 4 in. from 
the bottom. Compressed air was delivered to the diffusers, through 





Fig. 1.—Experiments on the digestion of sewage solids with activated carbon. 


rubber tubing, from a home-made compressor. To give the sludge the 
agitation it will get on its 10-hour journey through 13 miles of pipe 
from the Kasterly Plant to the Southerly Plant, the samples were 
placed in a shaker and agitated for 10 hours. For digesters, four 19 
liter carboys, pictured in Fig. 1, were employed. The carboys were set 
in heating tanks made from oil drums. These tanks were filled with 
water and heated with gas burners to a temperature between 30 and 
35 degrees Centigrade. A glass tube extending within 2 in. of the bot- 
tom served as a sludge inlet line. Another tube which extended only 
4 or 5 in. below the stopper served as a gas takeoff line. Inverted gal- 
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lon bottles acted as gas holders. To determine the sludge filtrability 
after digestion the apparatus shown in Fig. 2 was used. A Buchner 
funnel was tightly fitted into a two-hole rubber stopper, which in turn 
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Fig. 2.—Setup for vacuum filtration of sludge samples. 


was securely fitted into a sawed-off 500 ml. graduate. Through the 
other hole was drawn a quarter-inch glass suction line which was con- 
nected to a vacuum gauge. To eliminate the surge from the aspirator 
the manometer was attached to a suction flask. 


EXPERIMENTAL RovutTINE 


The composite of sludges was well mixed and divided into four ali- 
quot portions of 800 ml. each, the remainder being used for laboratory 
analysis. The four samples were then known as B (blank or control), 
Number 1 (containing 0.16 gm. or 200 p.p.m. of Nuchar), Number 2 
(containing 0.32 gm. or 400 p.p.m. of Nuchar), and Number 3 (contain- 
ing 800 p.p.m. of Nuchar). The samples were exactly alike in all re- 
spects except for the varying dosages of Nuchar. The dosages of 200, 
400 and 800 p.p.m. of Nuchar were based on the assumption that 1 per 
cent, by volume, of the raw sewage flow at the Easterly Plant would 
reach the Southerly Plant, carrying 1 to 2 per cent by weight of solids. 
Anticipating a raw sewage flow at the Easterly Plant of 100 m.g.d., and 
desiring a dosage in the raw sewage of 2, 4 and 8 p.p.m. it appeared 
logical to apply 200, 400 and 800 p.p.m. of carbon to the sludge. Ac- 
tually not all of the carbon applied to the raw sewage would find its way 
to the settled sludge. It is important to keep in mind that the dosages 
of 200, 400 and 800 p.p.m. of carbon to the sludge samples are actually 
equivalent to only 2, 4 and 8 p.p.m. of carbon as applied to the raw 
sewage. It appears that carbon dosages to sewage would be more uni- 
form if based on the per cent by weight of activated carbon added to 
the dry raw volatile solids present. Keefer and Kratz (6) used this 
basis for adding carbon to sludge in their experiments. After a 10 
hour period of agitation the samples were taken from the shaking ma- 
chine and brought to the laboratory for analysis. The data obtained 
are shown in Table I. 
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TABLE [| 




















| l 
Sample | B | 1 2 3 
Carbon Dosages, p.p.m. on Solids Basis.. . _| 0 | 200 400 800 
Comparative Volumes Occupied by Sludge 
Solids After One Hour Settling Period... | 100 | 106 105 100 
Comparative Volumes Occupied by Sludge | 
Solids After Two Hour Settling Period... | 100 | 97 103 101 
Total Suspended Solids in Supernatant After | | 
Two Hour Settling Period, p.p.m....... 583 576 598 638 
Volatile Suspended Solids in Supernatant | 
After Two Hour Settling Period, p.p.m. 431 400 | 414 481 
Description of Typical Odor....... Obnoxious | Unpleasant and} Weak | Slight 
and very | pronounced 
pronounced | 
Threshold Odor Values................. 80,000 | 26,000 20,000 |16,000 
Per Cent Odor Reduction................ —— 70 75 80 
pH of Digested Sludge... " 6.8 | 6.9 6.8 6.9 
Alkalinity of Digested Sister, ;>Ppm........| 1,430 | 1,780 1,450 | 1,430 
Total Gas Volumes Produced, (¢ ‘omparative 100 | 147 115 117 
C.c. of Gas Produced per Gram of Volatile | 
Matter Destroyed. . | 417 583 388 461 
Max. Vacuum Resched i in 1F Dando i ste ed | 
Sludge, mm. of Mercury...... 707 725 712 702 
Volume of Filtrate, After 1 { Minute, W Bhout | 
Ferric Chloride, canniative Sey eEe gee 100 | 87 103 109 
Volume of Filtrate After 144 Minute, With | 
Ferric Chloride, Comparative... .... | 100 | 108 116 113 








Comparative values are obtained by using the results for sample B as a hundred. 


SETTLEABILITY 


Experimental.—Five hundred milliliters of each sample were 
poured into 500 ml. graduates and allowed to settle. The volume oc- 
cupied by the solids, after various time intervals, was noted. Follow- 
ing a 4 hour sedimentation period, comparable samples of supernatant 
were withdrawn from the graduates. The suspended and volatile sus- 
pended solids were then determined on these samples. 

Results.—In considering the effects of Nuchar on settling tendencies 
of the sludge, it was important to determine the solids load in the 
supernatant as well as the comparative volumes occupied by the settled 
sludge solids. On five occasions we had a rising sludge condition in our 
samples. In these instances carbon neither increased nor decreased 
the quantities of floating solids. The 200 p.p.m. dosage seemed to be 
the optimum for its effects on settling and the higher dosages appar- 
ently impeded settling and increased the solids load in the supernatant. 
In general, it may be said that any advantage or disadvantage to the 
settling qualities of the sludge appears within the limits of experi- 
mental error. It may also be noted that our observations on the effect 
of carbon upon the settleability of sewage sludges compare favorably 
with the results of Rudolfs and Trubnick (1). 
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Opvor ConTrROL 


Eaperimental.—On every sample, observations were made as to the 
character and strength of the sludge odors by shaking the sample well 
and recording the odor escaping at the mouth of the bottle. On several 
samples the observed odor differences were checked by means of the 
‘‘threshold test’’ and also with Fair’s Osmoscope. 

Results.—In all cases the odor of the control sample B (no carbon) 
was substantially reduced, and noticeably improved by the lowest dos- 
age of carbon employed. While the odor in B was very pronounced 
and obnoxious, the odor in Number 1 sample was unpleasant but not 
pronounced. The odor in Number 2 was weak and in Number 3 it was 
practically nil. To put it another way the 800 p.p.m. of carbon effected 
almost complete odor removal. By means of the ‘‘threshold test,’’ as 
recommended by the American Water Works Association, we checked 
our routine odor observations. The percentage odor reductions cited 
in the table were measured by the ‘‘threshold test.’’ Our experimenta- 
tion with the Fair Osmoscope gave inconsistent results with the same 
sample in various dilutions. The results obtained by employing this 
instrument on a set of samples were not considered convincing. Odor 
reduction and control seems to be the outstanding merit of activated 
carbon in sewage treatment. The effect of a small amount of carbon 
on odor reduction and the proportionately less effects with much larger 
dosages is most interesting. 


DIGESTION 


Experimental—Two to three hundred milliliters of each sample 
were used as charge into the digesters described above. The tempera- 
ture of the water surrounding the carboys was maintained at 32° C. 
43° &. 
~ Results——There appeared to be no appreciable or convincing effect 
on the hydrogen-ion concentration of the digested sludge, as determined 
by the Beckman pH meter. Rudolfs and Trubnick (1), however, found 
activated carbon tended to raise the pH of digested sludges due to the 
adsorption of carbon dioxide and the fatty acids. ‘‘Little or no change 
in the hydrogen-ion concentration of the digested sludge due to the 
addition of carbon’’ was reported by Walker (2). A marked effect on 
the pH of digested sludge was noted by Keefer and Kratz (6). They 
found that 4 per cent of carbon, on a dry volatile solids basis, raised the 
pH of the digested sludge from 6.3 to 6.7, while 8 per cent raised the pH 
from 6.3 to 6.9. The higher alkalinity of our sample Number 1 indi- 
cated better and more complete digestion. Both the rate of gas produc- 
tion and the volume yield were greater for the carbon treated samples 
in our experiments (Fig. 3). Walker (2) reports ‘‘ While evidence is 
conflicting, the use of 5 to 15 p.p.m. of carbon on the raw sewage in 
sludge digestion at 20° C., appears to yield more gas, than is produced 
when no carbon is used; at 28° C., this same advantage does not appear. 
When added to the sludge in greater amounts the carbon appears to 
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reduce the amount of gas produced at all temperatures.’’ Acceleration 
of the digestion processes and an improvement in quality and an in- 
crease in quantity of gas are reported by Keefer and Kratz (6). It 
appears certain from our experiments that activated carbon affects the 
liquid volumes of the digested sludge. ‘To what extent and in what way 
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activated carbon causes these volume differences will be further investi- 
gated. 
FILTRABILITY 

Experimental.—One hundred and fifty ml. samples were filtered 
through a Buchner funnel (see Fig. 2). Two sheets of C. S. and S. 
medium ashless filter paper were used as a mat. 

Results—A comparison of the relative volumes of filtrate after 
equivalent time intervals and at the same degree of vacuum indicated 
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that the higher dosages of carbon aided filtrability whether the sludge 
was treated with ferric chloride or not (Fig. 4). The comparative vol- 
umes after the first quarter minute are given in Table I. The relation- 
ships after each succeeding quarter-minute interval until the vacuum 
broke were virtually the same as after the first quarter minute. An- 
other interesting point is that when treated with ferric chloride, 145 ml. 
of filtrate were obtained in 0.75 minute, as against a filtering time of 
1.75 minutes to obtain the same volume of filtrate without ferric chlo- 
ride. These facts indicate that possibly carbon would effect some 
worthwhile economy in conditioning chemicals required for sludge de- 
watering. Some plants report that carbon increases the rate of dewa- 
tering on sand beds. 


CoNCLUSIONS 


In evaluating the various effects of carbon in sewage treatment one 
is immediately impressed with the difficulty of obtaining consistent re- 
sults. Since 200 p.p.m. aids gasification one would expect 400 p.p.m. 
to aid it further. Such is not the case (Walker). Theoretically and 
experimentally (Rudolfs) activated carbon should tend to adsorb ecar- 
bon dioxide and the fatty acids resulting from sludge digestion. Were 
this a fact, the pH of the various samples in our experiments would be 
progressively higher from B to Number 3. Our experience indicated 
that carbon had little effect on the pH of the digested sludges. 

In the available reports of plant trials there are the same incongru- 
ities. Some plants find that activated carbon aids settling and sludge 
bulking and some do not. This lack of agreement among users and 
experimenters points, not to a lack of effect of carbon on sewage proc- 
esses, but rather to an incomplete and inaccurate understanding of its 
role in these processes. Experimental studies in which all variables 
but one are controlled, and that one exhaustively investigated, is one 
avenue of approach to this problem. Another interesting aspect of 
carbon application in sewage treatment which needs clarification is the 
determination of the optimum dosage. There definitely appears to be 
a dosage below and above which the best results are not obtained. Of 
the dosages tried, 2, 4, and 8 p.p.m. (on a raw sewage basis) the 2 p.p.m. 
dosage was the optimum. The true optimum, however, may lie between 
0 and 2 p.p.m. or between 2 and 4 p.p.m. There is no doubt about the 
value of carbon in odor reduction and control. Where odors are a 
problem activated carbon may be the solution. In those plants where 
it is desirable to reduce odors, the attendant benefits might justify the 
expense of carbon treatment. There is also some evidence to warrant 
using carbon to speed digestion and to accelerate and increase gas 
production. We feel that carbon may effect a saving in conditioning 
chemicals. This is a point that merits further study. 

We wish to acknowledge the cooperation and assistance of J. W. 
Ellms, Commissioner of Sewage Disposal, City of Cleveland. 
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CHEMICAL COAGULATION OF SEWAGE * 
IX. ORDER OF ADDITION OF CHEMICALS 


By Wiuutem Rupours anp Harry W. Geum 


Chief and Assistant, Division Water and Sewage Research, New Brunswick, N. J. 


In most of the modern processes of chemical treatment of sewage 
at least two chemicals are usually employed. One of these chemicals is 
used for so-called pH adjustment or aid for coagulation. The common 
practice of employing two chemicals has led to a difference of opinion 
concerning the order of addition of the coagulant and the ‘‘pH adjust- 
ing chemical.’’ Some workers state that the ‘‘pH adjusting chemical’’ 
should be added first, while others feel that the coagulant must be fol- 
lowed by the adjusting chemical. Since the opinions are based upon 
observations made in practice and are substantiated by results obtained 
at different places, it is probable that both opinions are correct for the 
specific sewages treated. In order to throw light upon this phase of 
chemical coagulation processes an endeavor is made in this paper to 
link the character of the sewage with the order of addition of chemicals. 

If the purpose of the adjusting chemical is what the name implies, 
namely, of bringing the pH values to a point where maximum activity 
of the coagulant is obtained, it would appear that the adjusting chemi- 
‘al should be added first. If the reverse order were practiced the co- 
agulant might be spent or robbed of its activity before the desired pH 
value was reached. The diverse results obtained in the field with mod- 
ern coagulation processes, together with the results presented earlier 
in this series of papers (1), and the fact that a certain degree of coagu- 
lation can be obtained with either lime or acid alone, would indicate that 
the term ‘‘pH adjusting chemical’’ for lime or acid used in sewage 
coagulation is a misnomer. These ‘‘pH adjusting chemicals’’ are de- 
eidedly active for coagulation with or without added coagulants and 
are in reality aiding the effect of the chemicals producing a more rapid, 
stronger or better floc. Perhaps the more important factors which 
limit the use of the ‘‘pH adjusting chemicals’’ for coagulating agents 
are the large quantity required—when used alone—and the difficulty in 
obtaining relatively complete clarification without using excessive quan- 
tities. It appears therefore, that such chemicals used in moderate 
amounts are better termed ‘‘coagulation aids’’ than pH adjusting chem- 
icals. Another fact supporting this terminology is, that pH adjustment 
with an alkali such as sodium hydroxide does not aid clarification ma- 
terially when used in place of lime for pH adjustment. 


MATERIALS AND METHODS 
Sewages of diverse character were chosen for the experiments to 
determine (1) the order of addition of aids and coagulants, and (2) 


* Journal Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J. 
Division Water and Sewage Research. 
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the possible specificity of certain chemicals for different sewage sub- 
stances. The sewages used included strong, average and weak, fresh 
and septic sewages and some containing mixed trade wastes. The 
various types of sewages were treated with ferric iron and acid, ferric 
iron and lime, aluminum sulfate plus acid and aluminum sulfate plus 
lime. In each instance varying quantities of aids and coagulants were 
employed and the order of addition was varied. The chemicals used 
were thoroughly mixed with the sewage on each addition and a floceu- 
lation time of thirty minutes allowed. The turbidity remaining after 
one hour of quiescent settling was used as an index of clarification. In 
general the procedures followed in this work were those described in 
other papers of this series, except where otherwise stated. 


ReEsuLts 

The first series of experiments comprised the addition of varying 
dosages of ferric chloride with sufficient lime to raise the pH value to 
9.0. The ferric chloride was added before and after the addition of 
lime. Four sewages, classified as fresh domestic, weak stale, strong 
stale, and sewage containing industrial wastes, were tested. The re- 
sults obtained are graphically shown in Fig. 1. The quantities of iron 
salt added varied from 1 to 16 p.p.m. as Fe. 

The fresh domestic sewage clarified slightly better (3 to 4 per cent) 
when lime was added first, over the entire range of iron salt dosage. 
For the sewage containing industrial wastes the effect was the same, 
except that the improvement due to prior addition of lime was some- 
what more marked; the differences amounting to 4 to 7 per cent for 
different quantities of iron salt added. 

The septic weak and strong sewages showed an advantage in adding 
the coagulant last, only in the upper ranges of turbidity removal (above 
70 per cent), where coagulant additions were comparatively high. Dif- 
ferences as high as 16 per cent turbidity removal were observed. With 
lower iron salt dosage usually better clarification was obtained when 
the coagulant was added first to septic sewages. With lower coagu- 
lant dosages, added first, as much as 10 per cent increased clarification 
was obtained. 

It is of considerable interest and some importance that in all cases 
a larger and more rapidly settling floe was formed when lime dosage 
preceded coagulant addition. This effect would undoubtedly be ac- 
centuated in large scale continuous flow operation. 

Similar experiments were repeated with the same and correspond- 
ing sewages, but applying the acid and ferric iron. Sufficient sulfuric 
acid was used to lower the pH values to 4.0 and again the coagulant 
dosages varied. Again the order of addition of adjusting chemical and 
coagulant was reversed. As an illustration of the effect of reversing 
the order of addition the results obtained on the same fresh, weak, 
strong and industrial waste containing sewages previously shown are 
plotted in Fig. 2. 
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All sewages responded in similar manner to the acid-ferrie iron 
treatment. Addition of coagulant first resulted in considerably higher 
removals of turbidity. The magnitude of the differences varied, how- 
ever, increasing with the septicity of the sewage, and in general with 
increased coagulant dosage. The fresh domestic sewage and the 
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Fig. 1.—Effect of order of chemical addition, with increasing dosage, on turbidity removal in 
different types of sewages at pH 9.0. 


strong sewage containing industrial wastes showed differences in clari- 
fication as much as 10 per cent, while the difference for the weak septic 
sewage amounted to 15 per cent and for the strong septic sewage over 
20 per cent. The value of addition of the coagulant prior to the acid 
in any type of sewage appears to be well illustrated. 

In order to obtain a general picture of the results that might be ex- 
pected with the two methods of addition, four different sewages of 
varying strengths were treated with a constant ferric chloride dosage 
over a pH range of from 2.5 to 9.5. The ferric chloride dosage was kept 
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constant at 5 p.p.m. as Fe. The average results obtained are graph- 
ically shown in Fig. 3 as general curves of results to be expected. 
Inspection of the curves indicate that in the pH range 4.5 to 8.0 
little difference in order of addition of the chemicals is reflected in the 
resulting clarification, although a tendency exists to show slightly 
better results with coagulant addition before adjustment is practiced. 
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Fic. 2.—Effect of order of chemical addition at pH 4.0. 


When sufficient acid was added to lower the pH values below 4.5 the 
turbidity remaining was lower when coagulant was added before the 
acid, corresponding to the greater removals (Fig. 2) when the iron 
dosage was varied and the amount of acid added was sufficient to lower 
the pH values to 4.0. Similar to the additional removals obtained with 
constant acid dosage the difference in clarification amounted to over 
20 per cent. 

In the pH range 8.0 to 9.5, when lime was used for adjustment, the 
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Fig. 3.—Effect of order of chemical addition, using ferric chloride, at pH 2.5 to 9.5. 
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Fic. 4.—Effect of order of chemical addition, using alum, at pH 4.0 and 9.0. 
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addition of the coagulant after adjustment showed slightly better re- 
sults. At the optimal point of clarification the removal of turbidity in- 
creased from 68 per cent with coagulant-adjustment to 75 per cent 
when the reverse order was practiced. 

The general results obtained with ferric iron salt, and lime or acid 
as aids, brings up the question whether alum would behave the same 
under similar conditions with different types of sewages. A series of 
experiments were conducted with fresh, weak, strong and stale sew- 
ages and those containing industrial wastes by treatment with alum 
and sufficient lime to bring the pH values to 9.0 and with alum and sul- 
furie acid to change the pH values to 4.0. Again the results for in- 
dividual sewages tested were so much in agreement that individual 
curves are not presented, but only two type curves constructed from 
the data obtained on all samples are given in Fig. 4. In most respects 
the alum coagulant in conjunction with aids behaved similarly to iron 
salts. It is clear that the addition of alum coagulant before adjust- 
ment is preferable when the pH value is lowered and the addition of an 
aid before the coagulant is added is better when the sewage is treated 
under alkaline conditions. The difference in clarification due to the 
order of addition was consistent and definite. The clarification ob- 
tained, when acid was added after the alum coagulant, became more 
noticeable with the increase in alum dosage. The increased turbidity 
removal amounted to as much as 15 per cent when coagulant was added 
first as compared with similar alum dosages after acid additions. 
When lime and alum were used the best removals were obtained by 
adding lime first, but the increase in turbidity removal was not as pro- 
nounced with lower alum dosages. For turbidity removals up to 80 
per cent, only from 2 to 6 per cent increased removal was obtained when 
lime was added first, but when the alum dosage was increased to pro- 
duce a turbidity removal of 90 per cent or more, the difference increased 
to 13 per cent in favor of lime-alum treatment as compared with the 
alum-lime treatment. 

Discussion 


The order of addition of lime and ferric coagulant showed no great 
differences in clarification with pH values up to 9.5 with any of the 
types of sewages treated. However, when lime was added first a more 
clean cut, larger and better settling floe was produced. The fact that 
the order of addition did not make much difference seems to indicate 
that lime acts as a coagulant as well as a ‘‘pH adjusting chemical.”’ 
The behavior of the sewages when the, lime was added first shows that 
its activity as a coagulant is more important than as an adjusting 
chemical. This would not necessarily be true if the iron salt remained 
in solution and the lime provided the needed alkalinity for hydroliza- 
tion. But the latter is not the case, because the iron salt is either hy- 
drolyzed by the alkalinity already present or combines with the or- 
ganic matter in the sewage immediately upon addition. The lime 
produces a definite removal of turbidity when added and the total tur- 
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bidity removal is the sum of the removals by each chemical. It becomes 
therefore a question relationship between the two chemicals to obtain 
maximum results. 

The better flocculation obtained by adding lime first is probably due 
mostly to physical action. The lime and its compounds are included 
in the floc caused by the iron coagulant to a greater extent when lime 
is added first than when the floc has been formed by the iron coagu- 
lant before lime has been added. This results in a heavier and better 
settling floc. 

When acid is used with ferric salts all types of sewage treated 
experimentally clarified better when the iron salt was added first. 
The alkalinity present in the sewage is readily destroyed by the acid, 
allowing the iron coagulant to remain in solution until it combines 
with the sewage constituents, and preventing rapid hydrolysis, if any, 
of the iron salt, with subsequent better coagulation. The probability 
that some of the acid combines with certain sewage constituents, even 
when small. quantities of acid are added, is indicated by the better 
results observed with fresh sewage as compared with septic sewages 
when the same quantities of acid are added first. The acid releases 
hydrogen sulfide from septic sewage and subsequent addition of iron 
coagulant precipitates the H.S, resulting in loss of iron salt as coagu- 
lant. The loss of the coagulant is demonstrated by a lesser degree 
of activity or small turbidity removal. With larger quantities of acid, 
floc formation is fairly effective by the acid alone resulting in a re- 
duction of coagulant to obtain the same turbidity removal. Here 
again, is the fact that the pH adjusting chemical acts more as a coagu- 
lant. The total clarification, as in the case of lime and ferric iron, is 
the sum of the turbidity removal obtained by the ferric chloride and 
the sulfuric acid when they are added in such a manner that one chem- 
ical was not detrimental to the action of the other. 

From time to time evidence has been presented that a specificity 
of different chemicals for coagulation of certain substances appears 
to exist. The same has been found again in the studies under discus- 
sion and explains in part the failure of some coagulants to give com- 
plete coagulation even when added in excessive quantities to some 
sewages. It also explains in part the failure of certain single chem- 
icals to coagulate properly during certain hours of the day when a 
domestic sewage is treated containing specific constituents, when 
larger quantities of laundry waste are present, or when amounts of 
specific trade wastes are suddenly discharged into the sewage. It has 
been found at several plants in New Jersey that it was necessary to 
supplement a single coagulant with lime or acid to meet at times cer- 
tain conditions in the sewage which could not be handled with the 
single coagulant ordinarily used. The observations stated above are 
borne out by the general curve presented for fresh sewage. However, 
particular attention is called to the better flocculation with lime addi- 
tions prior to coagulant, which is not evident from the curve. This 
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is of considerable practical importance in connection with settling 
facilities, and the chances are that addition of coagulant before lime 
may result in poorer clarification in large scale operation where un- 
equal flow through a settling tank, insufficient detention time, or facili- 
ties for settling are not those desired. 

The results showing that alum behaved much the same as ferric 
chloride are perhaps to be expected, but it seems of particular interest 
that alum clarification appeared to be consistent for different types of 
sewages. The results seem to indicate that alum produces results 
more predictable than ferric iron. It is probably because alum is 
less affected by the presence of reducing substances in the sewage. 
Rapidly acting ferric iron is more affected by the reducing substances 
present in stale or septic sewage, so that the removal or oxidation of 
these substances would result in more predictable and more uniform 
suspended solids removal. Part of these substances can be handled 
by pre-chlorination or short time aeration. It is better to keep the sew- 
age fresh to prevent the entrance of additional factors which influence 
the activity of the coagulant. Under such conditions the results ob- 
tained become consistent with those theoretically expected. When 
alum and ferric iron coagulant are compared without lime or acid, the 
often light and fragile floe produced by alum should be taken into 
consideration. 

SUMMARY 


In experiments on the order of addition of chemicals for sewage 
coagulation, lime and acid were used as coagulation aids and ferric iron 
and alum as coagulants. Fresh and septic, weak and strong sewages, 
and sewage containing trade wastes were used. The results indicate 
that when lime and ferric iron were used, best results were obtained 
when lime was added first. When acid and ferric iron were used, ad- 
dition of coagulant before acid gave far better results. Attention is 
called to the denser and more rapidly settling floe when lime was added 
first. Alum produced results similar to ferric iron in respect to the 
order of addition. Different types of sewages responded more uni- 
formly to alum than to ferric iron treatment. Lime and acid were 
found to function more as coagulating than pH adjusting chemicals 
and should be considereed as coagulation aids. <A specificity of certain 
chemicals for different sewage substances was noted and the use of lime 
and acid as adjuncts to a coagulant, to meet certain transient condi- 
tions, was indicated. 
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STUDIES ON THE CLARIFICATION STAGE OF THE 
ACTIVATED SLUDGE PROCESS * 


VIII. UPTAKE OF SOLUBLE ORGANIC SUBSTANCES 


3y Rosert S. InGois 


Assistant, Division Water and Sewage Research, New Brunswick, N. J. 


In the fifth article of this series (2) it was shown that the uptake 
of ammonia from sewage by activated sludge depends on biological 
activity. Since ammonia is only one of a group of soluble substances 
that may be found in sewage, the question arises whether ammonia can 
be shown to be a typical representative of these materials. The pres- 
ent study was conducted to evaluate the importance of the physical or 
biological factors which bring about the uptake of different soluble 
substances from solution. The soluble substances chosen include an 
hydrolysate of casein and glucose. The protein hydrolysate was 
chosen as a mixture of soluble organic nitrogenous compounds, which 
eould be readily analyzed and which are ionogenic. The glucose was 
used as a representative labile carbon compound for which accurate 
methods of analysis are known. Glucose as such will probably not 
enter an aeration tank in large quantity, but it can be produced in the 
sewage from cellulose, starch, laundry wastes, garbage, etc. The mix- 
ture of amino acids in the protein hydrolysate has been studied at con- 
centrations in excess of the amount expected in normal domestic sew- 
age, but a certain concentration is required for analytical procedures. 
Packinghouse or tannery wastes would give the sewage a very much 
higher concentration of soluble organic nitrogenous material than that 
used in this study. 

MetHops 


The methods used in this study are very similar to those used for 
the study of ammonia uptake (2). The possible adsorption or base 
exchange of the amino acids was studied with sludge prepared by treat- 
ment with 4.0 per cent NaCl, as described in the previous paper. A 
sample of 50 ml. of sludge (10,000 p.p.m. suspended solids) was centri- 
fuged and the supernatant liquor discarded. The sludge was placed in 
100 ml. of 4.0 per cent NaCl and stirred occasionally for a period of 
20 minutes. The sludge was recovered by centrifuging and the super- 
natant was discarded. The excess salt in the sludge liquor was re- 
moved by alternately re-suspending the sludge in ammonia-free water 
and centrifuging the mixture, discarding the supernatant liquor. This 
sample of sludge was diluted to 200 ml. w'th ammonia-free liquor and 
after 40 minutes the supernatant liquor was filtered. This blank was 
run to determine the amount of sludge floc dispersion caused by the salt 
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treatment. Three other sludge samples were prepared with salt treat- 
ment, but were diluted with solutions of amino acids (protein hydro- 
lysate) to 200 ml. to determine the amount of adsorption possible. 
The amino acids were left in contact with the sludge with occasional 
stirring for forty minutes. Kqual volumes of paper filtrates were ti- 
trated for amino nitrogen by the Sorenson formol titration method as 
modified by Northrup (3). 

The protein hydrolysate was prepared by refluxing a suspension of 
casein in 33 per cent sulfuric acid for 72 hours. The acid was removed 
by adding crystalline barium hydroxide until a pH was produced just 
below the isoelectric point of casein, to prevent the inclusion of any 
barium ions in the solution. The barium sulfate was filtered off and 
most of the color removed with activated carbon (Nuchar). The fil- 
tered solution was brought to pH 7.0 with sodium hydroxide giving a 
final concentration of 100 p.p.m. Na.SO, in the final mixtures with the 
sludge. 

The aeration experiments were conducted with approximately 1500 
p.p.m. suspended solids of sludge. The effect of various amounts of 
sodium chloride on the uptake of both the amino acids and glucose was 
studied. Approximately 125 p.p.m. amino acids (25 p.p.m. amino ni- 
trogen), and 200 p.p.m. glucose were added to each tube. The control 
was aerated without any sodium chloride. The other three tubes con- 
tained 4, 8, and 12 grams of sodium chloride per liter. The amount of 
amino nitrogen and glucose present initially and after 2 hours aeration 
was determined in each. (The amount of amino nitrogen is a direct 
indication of the amino acids present.) 

In other aeration experiments the effect of glucose and chloroform 
on amino acid uptake was studied. In addition to the analyses for 
amino nitrogen and glucose the liquors were analyzed for ammonia at 
each sampling and nitrates at the completion of the experiments. Hach 
sample was Seitz-filtered to remove all turbidity as each determination 
depended on colorimetry. 

ReEsuuts 
The results of the study of adsorption of amino acids by activated 


sludge are shown in Table I. These figures indicate that the dispersion 


TaBLE I.—Adsorption of Amino Acids (Expressed as P.P.M. Amino Nitrogen) 





| 
Initial Amino Nitrogen Total Final Concentration 





Concentration in Blank Initially | After Contact | dt sts 
= = | 
40.7 + 8.0 - 48.7 | 43.0 | 57 
81.5 a 8.0 > 89.5 85.0 | 4.5 
121.0 + 8.0 — 129.0 124.0 5.0 





caused by the salt amounts to 8.0 p.p.m. amino nitrogen. This amounts 
to 20 per cent of the smallest quantity of amino acid nitrogen which was 
added to study adsorption. The 8.0 p.p.m. amino nitrogen in the blank 
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is greater than the amount of adsorption recorded in the last column, 
and the final concentration of amino nitrogen is greater than the initial. 
It is of importance that the possible amount of adsorption for each con- 
centration of amino acids is practically constant, varying only between 
4.5 and 5.7 and not showing any definite trend. 

The effect of varying quantities of sodium chloride upon the uptake 
of amino acids and glucose by activated sludge is shown in Table II. 


TasLE II.—Effect of Sodium Chloride Upon the Uptake of Amino Acids and Glucose (Results in 
P.P.M. Remaining) 


Control | 4 Grams NaCl 8 Grams NaCl | 12 Grams NaC] 








| 
Time of | Sas Ae ee —as) : a ee 
Aeration | Amino | Amino , | Amino | _, Amino | 4 
ek | Glucose | .-. Glucose | ... Glucose | ... | Glucose 
| Nitrogen| Nitrogen Nitrogen Nitrogen| 
Fnitsal........|° 23:3 180 26.3 168 | 268 158 28.0 | 158 
2 0s. ..... .| 227 «(| 74 24.4 114 26.3 | 119 27.7 | 128 
4Hours......| 14.3 | 0 19.5 5 | 258 63 30.0 | 85 


Four hours of aeration permitted the uptake of 9 p.p.m. of amino nitro- 
gen and all of the glucose by the control which did not contain any 
sodium chloride. Four grams of salt retarded the uptake of the amino 
acids and glucose only slightly during the 4-hour period. Eight grams 
of salt practically blocked the uptake of amino nitrogen and markedly 
retarded the uptake of glucose. Twelve grams of salt not only blocked 
the uptake of amino nitrogen but also caused some dispersion of the 
floc and thus an increase in the amino nitrogen. The glucose utilization 
was further retarded but not completely blocked. 


TaBLeE III.—Effect of Glucose and Chloroform Upon the Uptake of Amino Acids by Activated Sludge 




















Amino Acid Only Amino Acid +Glucose mae oo og 
Time ae ae ———— eee a = 
NH;-N Amino-N | NO:-N | NHs-N | Amino-N | Glucose | NOs-N | NHs3-N | Amino-N | Glucose 
OCs Sag Se PRE RSE a = 
P.p.m. P.p.m. |P.p.m. P.p.m. | P.p.m. | P.p.m.| P.p.m.| P.p.m.| P.p.m. iia: 
Initial... ... 7.0 | 30.0 | — | 5.0 | 280 | 180 | — | 7.0 | 27.5 | 211 
2 Hours....| 5.0 | ms j= | 6.0 | 22.0 | 30 om | 7.0 35.5 185 
4Hours....| 7.0 | 125 | 100 | 90 | 182 | O|] 24 | — _ — 


In Table III results are given, dealing with the effect of glucose and 
chloroform upon the uptake of amino acids by activated sludge. In the 
control tube the uptake of amino acids was quite rapid as indicated by 
the drop in amino nitrogen. The quantity of ammonia remained rela- 
tively constant. The amino nitrogen decreased 17.5 p.p.m. in 4 hours, 
while during this time 10 p.p.m. nitrate nitrogen was produced. This 
leaves a balance of 7.5 p.p.m. amino nitrogen. The sludge containing 
glucose showed an increase of 4 p.p.m. ammonia nitrogen, and a produc- 
tion of 2.4 p.p.m. nitrate nitrogen. Since a total of 9.8 p.p.m. amino 
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nitrogen was utilized and 6.4 p.p.m. nitrate and ammonia nitrogen pro- 
duced, there was a balance of 3.4 p.p.m. amino nitrogen. The high rate 
of 150 p.p.m. glucose utilization occurred during the first two hours. 
The addition of chloroform caused a marked dispersion of the sludge 
floc and a definite increase in the amino nitrogen. However, the am- 
monia remained constant. There was a decrease of 26 p.p.m. glucose 
during the first two hours. 


Discussion 


To study the adsorption of ammonia by activated sludge the sludge 
was prepared either by electrodialysis or by washing with a solution of 
sodium chloride. Either method causes marked changes in the sludge 
so that the supernatant must be filtered, but this condition does not 
interfere with the adsorption of ammonia. This dispersed material, 
however, contained a large amount of amino nitrogen, which was more 
than the amount of amino nitrogen that could be apparently adsorbed 
by the sludge. This was true of the three concentrations of amino 
nitrogen (amino acids), studied. The same results were obtained with 
the amino acid, glycine, and therefore are not included. The laws of 
adsorption require that with an increasing concentration of substrate 
an increasing amount of the substrate at low concentration thereof be 
adsorbed on the adsorbent. These conditions were not fulfilled in this 
experiment. It must be concluded that either the sludge was not prop- 
erly prepared or that the amino acids, although ionogenic, are not capa- 
ble of being exchanged for the sodium chloride adsorbed on the sludge. 
Since a number of the amino acids from a protein hydrolysate are only 
slightly soluble at pH 7.0, these acids should be readily adsorbed if any 
adsorption were possible under the conditions of the experiment. The 
above results indicate that neither adsorption nor base exchange of 
amino acids by activated sludge takes place. For the purpose of clari- 
fying the discussion it will be only necessary to indicate that the amino 
acids follow the laws of biological activity in their disappearance when 
aerated with activated sludge. 

Before discussing the results of this study and comparing them with 
those reported for ammonia, a brief comparison of ammonia and amino 
acids is needed. There are at least twenty different amino acids that 
may be obtained by the complete hydrolysis of a protein. Protoplasm, 
which is basically protein, must therefore require amino acids to in- 
crease in quantity, 7.e., they are required for the growth of all organ- 
isms. Their use must be accompanied by the liberation of energy. 
The amino acids may be obtained from two sources (1) amino acids of 
other proteins which are obtained by hydrolysis (2) the synthesis from 
ammonia and some carbonaceous compound such as glucose or fat. 
When amino acids are present the latter reaction will not take place 
readily. The energy will be obtained in aerating activated sludge from 
the oxidation of (1) organic compounds: glucose, fats, amino acids; 
(2) inorganic compounds: ammonia and hydrogen sulfide. When the 
organic compounds are present the ammonia and hydrogen sulfide will 
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not be readily utilized. Of the organic compounds, the glucose will be 
most readily oxidized for the production of energy. 

If only amino acids are present, organisms will remove the amino 
group of a portion of the acids either by hydrolysis or by oxidation and 
the de-aminized portion of the acids will be oxidized to carbon dioxide 
and water for energy. Other amino acids will be used for growth. 
The amino group will be discarded as ammonia, which will be utilized 
by special organisms for energy. These special organisms will oxidize 
the ammonia to nitrites and others will oxidize the nitrites to nitrates, 
but these reactions will not influence the uptake of amino acids although 
they will alter the ammonia uptake. If glucose is present to provide 
the energy, fewer of the amino acids will be broken down for energy 
and less ammonia will be produced. 

When nitrogen is present as ammonia there must be a source of 
carbon for the synthesis of amino acids. It has been shown (2) that 
glucose caused a more rapid utilization of the ammonia, and it may be 
seen now why this was to be expected. There are marked differences 
between amino acids and ammonia: (1) amino acids may be utilized 
directly for building protoplasm, ammonia cannot; (2) amino acids 
may be oxidized by practically all organisms for energy, ammonia by 
only a specialized few; (3) amino acids can be broken down to produce 
ammonia, while ammonia must unite with carbon compounds to pro- 
duce amino acids. 

The results given in this paper fit very well these theoretical re- 
quirements. Glucose retarded the uptake of amino acids so that the 
total disappearance of amino nitrogen in the absence of glucose was 
17.5 p.p.m. as against 9.8 p.p.m. in the presence of glucose. Of the 
17.5 p.p.m. amino nitrogen used by the activated sludge 10 p.p.m. was 
converted to ammonia and then to nitrite or nitrate nitrogen. In the 
presence of glucose only 6.4 p.p.m. nitrogen was given off as ammonia. 
This amount was higher than anticipated in view of the large amount 
of glucose oxidized, but the differences are large enough to be signifi- 
cant. 

In the presence of chloroform there was a constant amount of am- 
monia in the liquor; this checks the results of the previous paper (2). 
The chloroform not only checked the utilization of amino acids but it 
caused a sufficient liberation of protoplasm to increase the amino nitro- 
gen. The partial antisepsis of the chloroform failed to check the dis- 
appearance of the glucose. Glucose also disappeared in the presence 
of 12 grams of sodium chloride, which prevented the uptake of am- 
_monia and amino acids. 

Can this disappearance of the glucose be due to physical adsorp- 
tion? The author believes that this disappearance is due to enzymatic 
degradation of the glucose and to the use of very small amounts of glu- 
cose by a few hardy cells for their maintenance metabolism. The 
breakdown of the amino acids by this same mechanism is probably tak- 
ing place, but the plasmolysis of the large number of cells, giving an 
increase in amino nitrogen, masks the breakdown of the amino acids. 
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If this explanation be true, destruction of the enzymes with heat should 
permit the maintenance of a constant sugar level. This explanation 
was verified by boiling a liter of activated sludge containing 1800 p.p.m. 
suspended solids and then adding 200 p.p.m. sterile glucose. A sample 
was drawn and Seitz filtered and analyzed for glucose. The boiled 
sludge was aerated for two hours and another sample was drawn and 
analyzed for glucose. The same quantity of glucose was found in each 
sample, showing that in the absence of all active biological processes 
glucose is left untouched by a boiled activated sludge floc. 

Only very little is known of the mechanism of enzyme activity but 
this much is realized: enzyme activity depends upon the concentration 
of the substrate at the enzyme surface (by definition, adsorption). 
When it was stated above that the disappearance of the glucose was 
due to enzyme degradation, it was tacitly admitted that adsorption of 
the glueose had taken place. One of the primary principles of enzyme 
activity is the specificity of this activity. Maltose and cellobiose are 
both composed of two molecules of glucose yet maltase will not hydro- 
lvse cellobiose and cellobiase will not hydrolyze maltose. Therefore, 
when it was stated that enzyme degradation was responsible for the dis- 
appearance of glucose, adsorption was admitted, but the adsorption was 
not upon any random surface of the sludge floc, but upon a specific, 
active surface of that floc. The amount of enzyme present is so small 
that it could hardly account for the adsorption of a reasonable amount 
of glucose at any one time. In the paper on the hydrolysis of starch 
(1) it was stated that no concentration of the starch color with iodine 
was found in the sludge floe and that the starch remained suspended in 
the liquor for some time. However, hydrolysis of the starch required 
the concentration of the starch at the enzyme surface, but again the 
adsorption was specific. 

Ammonia did not disappear in the presence of chloroform or 12 
grams of sodium chloride (2). Amino acid consumption dropped to 
almost nothing at 8 grams of sodium chloride per liter while the glu- 
cose consumption was higher than at 12 grams of salt per liter. In 
part, this difference is due to the fact that the growth mechanism of 
organisms is more sensitive, than is their maintenance mechanism, to 
slightly toxic conditions. When 4 grams of sodium chloride was used 
per liter there was a ready uptake of amino acids and glucose. These 
figures again show that ionized substances are readily removed by acti- 
vated sludge even though there is a high concentration of other ionized 
materials present. 

SuMMARY 

Studies on the relative importance of physical or biological proc- 
esses in the removal of soluble materials by activated sludge are re- 
ported. The method used in preparing the sludge for the study of 
ammonia adsorption was ineffective in preparing the sludge for adsorp- 
tion of an amino acid mixture. 

The rates of disappearance of amino acids and glucose were cor- 
related with known laws of bacterial physiology. The uptake of the 
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amino acids was demonstrated in concentrations of salt much greater 
than the amounts of amino acids used. The relative importance of 
various surfaces of the activated sludge floc as regards adsorption is 
discussed. Any adsorption of glucose is the property of specific sur- 
faces of the sludge. These specific surfaces are known as enzymes. 

The removal of soluble organic substances is brought about by bio- 
logical or biochemical processes independently of purely physical phe- 
nomena. This checks the results with ammonia. 


REFERENCES 


1. H. Heukelekian and R. S. Ingols, ‘‘Studies on the Clarification State of the Activated 
Sludge Process. VI. Hydrolysis of Starch.’’ This Journal, 10, 209 (1938). 

2. R. S. Ingols, ‘‘Studies on the Clarification Stage of the Activated Sludge Process. 
monia Uptake.’’ This Journal, 10, 49 (1938). 

3. J. H. Northrop, ‘‘A Convenient Method for the Formal Titration.’’ 


ology, 9, 767 (1925-26). 


V. Am- 


Jour. General Physi- 














INFLUENCE OF OXYGEN CONCENTRATION ON BIO- 
CHEMICAL OXYGEN DEMAND 


By Ricuarp PomMEroy 


Research Chemist, Los Angeles County Sanitation Districts 


In the course of an extended investigation at this laboratory of 
the effect of dilution on the B.O.D. test, it has become necessary to know 
what effect oxygen concentration may have on the test. Comparatively 
little data are available in the literature showing B.O.D. values at vari- 
ous oxygen concentrations, with all other conditions held constant. 
Such data as have been published are not conclusive or entirely in agree- 
ment. The experimental investigation conducted in this laboratory 
has given conclusive evidence of a decrease of the rate of oxygen con- 
sumption with increasing oxygen concentration; this conclusion seems 
to be of sufficient importance to warrant the presentation of the results. 


EXPERIMENTAL 


Four types of sewage material were used for the B.O.D. determina- 
tions: (1) thoroughly settled raw sewage, (2) filtered raw sewage, (3) 
a partially oxidized effluent having a B.O.D. of about 60, and (4) filtered 
effluent of the foregoing type. All samples were taken from the treat- 
ment plant of the Los Angeles County Sanitation Districts. The fil- 
tered samples were in all cases seeded with a little of the unfiltered 
material. Filtered samples were found to be more satisfactory than 
those containing suspended solids, because the suspended solids settling 
from the unfiltered samples cause localized septic conditions in the 
bottoms of the incubation bottles. There is some settling of coagulated 
matter even from filtered samples. 

In order to prepare a series of samples with all conditions constant 
except the oxygen concentration, the following procedure was used: 
A series of glass-stoppered bottles of 2'% liter capacity were partly 
filled with varying amounts of distilled water from which the oxygen 
had been removed by boiling, or which had been oxygenated by shaking 
with commercial tank oxygen. The amounts of de-aerated or oxy- 
genated water required to give suitable final oxygen concentrations 
were found by experience. To each bottle there was added enough 
of the sewage, on the basis of the carefully determined volumes of the 
bottles, to give the same concentration in each bottle, and enough 
NaHCO, to give a concentration of 300 p.p.m. Finally the bottles were 
completely filled with distilled water of normal oxygen content. From 
each bottle eight 250-ml. bottles were filled by siphoning. Four of these 
were analyzed for initial oxygen concentration, and the other four were 
incubated in a constant-temperature water-bath and then analyzed. 
Thus each depletion was determined by quadruple initial and final 
determinations. The simple Winkler method was used for the oxygen 
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determinations, with these modifications: (1) 2 ml. of MnSO, solution 
were used for the higher oxygen concentrations, and (2) after the pre- 
cipitate had settled, one ml. of a solution of 60 grams of KI in 100 ml. 
distilled water was added to each bottle. Burette readings were made 
to 0.01 ml. The thiosulfate solution was standardized each day. 





TABLE I.—IJnfluence of Oxygen Concentration on 5-day B.O.D 


| 


| | 

| — . | 

| Series I\ | 
| 















































Series I | Series IT Series II a 
(Effluent) (Effluent) © | (Effluent) a | 
| Sewage) 
| 

ioe | | 7 
D.O.| D. |R.D.|D.0.| D. | RD. | D.O. D. |R.D.| D.O.| D. | R.D.| D.O.| RD. 

| | | 
1.8 | 0.92 | 108.1} 1.6 | 1.16 el 1.5 5 | 0.68 |111.1| 22 | 0.62 |101.3/ 1.8 | 109.8 
2.7 | 0.96 |112.8| 2.2 | 1.45 | 148.1 | 2.7.| 0.66 |107.8| 3.0 | 0.57 | 93.1] 2.9 | 115.4 
3.7 | 0.84 | 98.7| 3.7 | 0.84 | 85.8) 3.7 10.59 | 96.4] 3.9 | 0.66 1107.8] 3.7] 97.2 
4.5 | 0.88 | 103.4] 4.5 | 0.87 | 88.9| 4.7 | 0.62 |101.3/ 4910.55 | 89.9] 4.7 | 95.9 
5.7 | 0.99 | 116.3] 5.6 | 0.98 |100.1| 5.7 | 0.63 |102.9| 6.0 ie 59 | 96.4| 5.7 | 103.9 
7.7 | 0.83 | 97.5| 7.6 | 0.91 | 93.0] 7.9 | 0.59 | 96.4) 8.0 he = 83.3] 7.8 | 92.6 
12.0 | 0.87 | 102.2! 12.0 | 0.83 | 84.8| 11.9 | 0.62 | 101.3! 11.5 | 0.65 |106.2/ 11.8 | 98.6 

| | | | 
22.0 | 0.62} 72.1| 20.5 | 0.84 | 85.8] 19.9 | 0.61 | 99.7| 19.3 | “ a: 107.8| 20.4 | 91.4 
30.8 | 0.75 | 88.1} 29.3 | 0.93 | 95.0] 28.3 | 0.51 | 83.3| 20.6 | °. 0.70 | 114.4] 29.5 | 95.2 

| | | ame ee Lh ae 
Aver. | 0.85 | 100.0 | 0.98 | | 100.0 | | 0.61 | 100.0 | | 0.61 100. 0| 100.0 
roe | Z — oe 





D.O. = dissolved oxygen, p.p.m.; D. = depletion, p.p.m.; R.D. = relative idles, 


The first group of runs, shown in Table I, covers a range of oxygen 
concentrations from 1.8 to 30 p.p.m., and sewage was added to give de- 
pletions of less than 1 p.p.m. For each series Table I shows the aver- 
age dissolved oxygen concentration, D.O. (average of initial and final 
oxygen concentrations), the depletions, D., and the ‘‘relative depletion,’’ 
R.D. The ‘‘relative depletions’’ are obtained by equating the average 
depletion for the series to 100 and converting the individual depletions 
to proportional numbers. These relative depletions facilitate compari- 
son of the different series, and permit averaging without giving undue 
weight to those series having higher depletions. 

The average relative depletions (last column) show a trend toward 
lower values at the higher oxygen concentrations. The irregular de- 
viations of individual points from the general trend are not significant, 
as the erratic errors are large enough to account for the observed devi- 
ations.* The difficulty of measuring the small depletions not only re- 

* The magnitude of this erratic error may be evaluated in terms of the ‘‘ probable error.’’ 
Letting d represent the deviation of a single relative depletion from the average for that 
oxygen range, n the number of such deviations, and N the number of values entering into the 
average, the probable error, P.E., of each average is: 


0.6745 . |~ 


P.5..= —— . 

VA 
From the data of Table I, the P.E. of each average relative depletion is calculated to be 3.6. 
Individual averages may be in error by as much as 2 or 3 times the P.E. If systematic errors 
are involved, they are superimposed on the pattern of erratic variations. 
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sults in these obvious deviations, but also allows the possibility of sys- 
tematic errors. For example, slight variations of the temperature of 
the water bath might cause the bottles to expel small amounts of the 
sample and suck in water from the bath. The high-oxygen samples 
would lose oxygen, while the low-oxygen samples would gain oxygen. 
This error, however, would be opposite in direction to the effect which 
is indicated by Table I. 


TABLE IT.—Jnfluence of Oxygen Concentration on 5-day B.O.D. 





| | | | 
Series I Series IT : 
se Series ITI Series IV | 
(Filtered Raw | (Filtered Raw = : pe" é | Average 
— i iltered Raw (Filtered Effluent) | (Filtered Effluent) | ee 


Sewage) Sewage) 















































ies, Mak } on fl oars | 

D.O.| D. | R.D. | D.O.| D. | R.D.| D.0.| D. | RD. | D.O. | D. | R.D. | D.O. | R.D. 
8.45] | | 8.21] 8:17 | 8.31 

to | 5.10} 105.8} to | 5.81 | 108.2) to | 7.42 | 111.1] to | 7.55 |119.8] 5.0 | 111.2 
3.35 | | 2.40 0.75 0.76 

10.0 | 5.26 | 109.1] 9.7 | 5.70 | 106.2} 9.4 | 7.33 | 109.7] 8.1 | 7.30 | 115.9) 9.3 | 110.2 
18.2 | 5.01 | 103.9) 18.9 | 5.57 | 103.7] 18.5 | 7.12 | 106.6) 19.2 | 6.29 | 99.8] 18.7 | 103.5 
28.2 | 4.52 | 93.7] 27.9 | 4.98 | 92.7} 22.5 | 7.06 | 105.7 | 26.6-) 5.99 | 95.1] 26.3 | 96.8 
36.0 | 4.23 | 87.7) 33.5 | 4.78 | 89.0/37.4 | 4.47 | 66.9/ 37.8 | 4.37 | 69.4| 36.2 78.3 
Aver. | 4.82 | 100.0 | | 5.37 | 100.0 | 6.68 | 100.0 | 6.30 | 100.0 100.0 


A second group of runs is represented in Table II. This group 
shows the influence of the higher oxygen concentrations determined 
by depletions large enough to be measured with greater relative accu- 
racy. In the first line of figures the initial and final oxygen concentra- 
tions are shown for the lowest oxygen range to bring out the fact that 
in some cases the oxygen was depleted to less than 1 p.p.m. without 
showing any reduction of the demand. 

A decrease of the rate of oxygen consumption with increasing oxy- 
gen concentration in these four runs is established beyond question. 
In each series each increase of oxygen concentration causes a decrease 
of B.O.D., with only one exception (at the first of Series I). Appar- 
ently the magnitude of the effect is variable, being greater with the 
effluent than with the raw sewage. 

The data of Table IT are shown graphically in Fig. 1, with separate 
lines drawn to represent the data of the raw sewage and of the effluent. 

The fact that this group shows an effect considerably greater in 
magnitude than could be deduced from Table I probably may be ex- 
plained by the systematic errors affecting the small depletions, as dis- 
cussed before. 

Table III covers further data obtained with small depletions at oxy- 
gen concentrations below 8 p.p.m. By using filtered samples and taking 
all possible care to minimize errors, the erratic deviations were mate- 
rially reduced in comparison with Table I. 
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In one ease (Series I) the oxygen was depleted to 0.10 p.p.m. with 
no reduction of the B.O.D., although in another case (Series IV) the 
B.O.D. value was somewhat low when the oxvgen was reduced to 0.15 

Sage ter: ae : 
p.p.m.. No significant difference appears between the results obtained 
with filtered raw sewage and filtered effluent. 
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Fig. 1.—Influence of oxygen concentration on 5-day B.O.D. (data of Table II). 


The data of this table are shown graphically in Fig. 2. The line 
apparently becomes steeper at the lower oxygen concentrations. This 
effect would appear considerably more pronounced if the doubtful value 
at the first of Series IV were eliminated. 

A final pair of runs was made to determine the influence of oxygen 
concentration on the 2-day B.O.D., using filtered raw sewage. Results 
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TABLE III.—J nfluence of Oxygen Concentration on 5-day B.O.D. 


















































jj 
Series I a Series IT Series IIT | Cant : 
2 Ul Series I\ 
(Filtered Raw (Filtered Raw (Filtered Raw | _... : Average 
| E | (Filtered Effluent) 
Sewage) | Sewage) Sewage) | 
| 
l Ss aaa 
D.O. | D. IR R.D. | DO.) D. |R.D.|D.0.| D. |RD.|D.0.| D. | R.D.| D.0.| RD. 
| —— — —_— — a — | a —— ee | _ — -_ = —— EE — ee ee 
1.48 | | | 1.40 0.95 0.92 
to | 1.38 | 104.7 lt 0:73) (107.6 to 0.66 | 110.8 to 0.77 94.2) 0.75 | 104.3 
0.10 | har 0.29 0.15 
Lv | 1.32 | 100.21] 2.0 0.73 | 107.6} 1.9 0.58 97.4} 1.4 0.85 | 104.0] 1.7 102.3 
2.5 | 1.32 | 100.2) 2.8 0.65 95:8 | 3:0 0.63 | 105.7} 2.6 0.83 | 101.6 | 2.7 100.8 
3.4 | 1.27 96.5 | 3.6 0.67 98.7 | 3.8 0.60 | 100.7 | 3.8 0.85 | 104.0| 3.7 100.0 
1.5 | 1.30 | 98.7] 4.9 0.64 94.3] 5.0 0.61 | 102.4] 5.1 0.81 99.1} 4.9 98.6 
D.3 | t30'| ‘08:7 1 39 0.68 | 100.0} 6.1 0.55 92.3 | 6.0 0.81 99.1) 5.8 97.5 
7.7. | 1.33 | 101 0] 8: 8.0 0.65 95.8 | 8.4 0.54 90.7 | 7.5 0.80 97.9! 7.9 96.4 
: clash ts Wiacal A en (Las ola, ad a a ee ea | 
Aver. | 1.32 | | 100. o| - 0.68 a? 100.0 | | 0.60 100.0] 0.82 | 100.0 "100.0 


are shown in Table IV. The depletions are somewhat irregular in 
Series I, and hence in the average, but a decrease of the depletion with 
increasing oxygen concentration is clearly established. The magnitude 
of the effect is not significantly different from that observed with the 
5-day B.O.D. The effect in these runs seems to be most pronounced 
between 30 and 40 p.p.m. as was the case in the runs represented by 


Table IT. 
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Fig. 2.—Influenee of oxygen concentration on 5-day B.O.D. (average of four samples). 
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TaBLeE IV.—I/nfluence of Oxygen Concentration on 2-day B.O.D. 





| 

















| 

Series I Series II discal 

(Filtered Raw Sewage) | (Filtered Raw Sewage) | e ag! 
| : aa | Ne Gs | a < | i | e 
D.O. | > [em | DO. |} ®. RD. | DO. | ROD. 
48 | 68 | 1153 | +57 | 515 | 1054 | 53 | 110.3 
10.2 7.04 118.6 | 10.7 5.07 | 1038 | 105 | 111.2 
19.1 | 5.51 | 92.9 193 | 500 | 1023 | 191 | 976 
295 | 617 | 1040 | 285 481 | 984 | 29.0 | 101.2 
39.6 | 4.11 | 69.3 | 39.0 440 | 90.1 | 39.3 | 79.7 
Aver. | 5.93 | 100.0 | 489 | 100.0 | | 100.0 

Discussion 


Very little data has appeared in the literature touching upon the 
possible influence of oxygen concentration on the biochemical oxygen 
demand. A study of the relative merits of air and oxygen for the direct 
determination of the biochemical oxygen demand was made by Sierp 
(1). He shows graphically the results of a comparison of the use of 
air and oxygen for determining the B.O.D. of activated sludge and of 
sewage, and includes also a comparison of the B.O.D. of diluted sewage 
by the ordinary dilution method and by the direct method using oxygen. 
In the case of sewage he agitated the sample every 3 or 4 hours; the 
activated sludge sample was probably shaken every hour. In either 
-ase, the oxygen concentration when pure oxygen was used was undoubt- 
edly much higher than when air was used, but must have been substan- 
tially below the saturation value much of the time, especially early in 
the run when the rate of oxygen consumption is high. 

The graphs of Sierp show no appreciable difference between air and 
oxygen in the early stages of the runs (no difference for two days in 
the cases of sewage and diluted sewage; for seven days in the case of 
activated sludge), but thereafter in each case the oxygen consumption 
was substantially lower where oxygen was used. For example, in the 
ase of the sewage sample the oxygen consumption from the 2nd to the 
10th day was 83 per cent as great with oxygen as with air. From the 
beginning of the run to the 10th day the oxygen consumption was 90 
per cent as great with oxygen as with air. At the end of 20 days the 
curves come together again; this may be accounted for by a difference 
in the onset of nitrification. Sierp evidently did not consider that the 
differences which his experiments showed were sufficient to be impor- 
tant, and he recommends the use of oxygen. It appears, however, 
that his results at least partially substantiate the findings of this re- 
search. 

Heukelekian (2) made a study of the effect of oxygen concentration 
on bacterial numbers, and determined incidentally the oxygen consump- 
tion. He reached the surprising conclusion that bacterial growth is 
retarded at oxygen concentrations between 4 and 6 p.p.m. in comparison 

















Vol. 10, No. 3 BIOCHEMICAL OXYGEN DEMAND 471 


with higher and lower D.O. concentrations. Careful examination of 
his data shows that the conclusion is not warranted by the data. Re- 
ferring to Heukelekian’s Table II and Fig. 1, it is seen that averages 
were taken of bacterial counts which differ among themselves by very 
large amounts. The probable error due to the random combinations 
of the erratic variations is 130 (thousands per ¢c.c.) where five values 
were averaged and 145 where four values were averaged. Smooth 
curves can easily be drawn through the data of his Fig. 1 without miss- 
ing the points by more than would be expected from theory. That is, 
half of the points should not deviate from the curves chosen by more 
than the P.E. (probable error), and one point out of each group of 
seven may be expected to deviate by 2.9 P.E. The fact that all three 
curves of Fig. 1 show minima at a D.O. concentration of 5 cannot give 
much added support to Heukelekian’s conclusion in view of the fact 
that this phenomenon is due almost entirely to abnormally high counts 
in Series 2 in the 3.5-2.1 range, indicating some systematic source of 
variation uniquely affecting that Series. The apparent decrease of 
bacterial growth indicated by his data at the high oxygen concentrations 
may be real, or may again be due to systematic errors. 

With regard to the consumption of oxygen, Heukelekian presents 
data and ealls attention to an apparent retardation of oxidation in the 
D.O. range around 5 p.p.m. However, he states that ‘‘the depletions 
were so small that it would be difficult to draw conclusions from the 
observed differences in the depletions.’’ Careful analysis of the data 
shows that all of the apparent effects can be accounted for on the basis 
of random and systematic errors. 

The influence of oxygen concentration on the biochemical oxygen 
demand as indicated from this present study may have some signifi- 
cance in two directions. With regard to the determination of sewage 
strength by B.O.D. measurements, it would appear that the use of pure 
oxygen in the direct method, as recommended by Sierp, would not be 
good practice, especially in view of the large magnitude of the effect 
when the D.O. is over 30 p.p.m. Fortunately the effect is not large 
below 8 p.p.m. and in the ordinary dilution method no serious error due 
to variations of the D.O. concentration is introduced. 

In the activated sludge process, it would be desirable to know the 
optimum oxygen concentration for efficient purification. The condi- 
tions in the aeration tanks are so different from the conditions in 
3.0.D. bottles that it is not permissible to assume that the influence 
of oxygen concentration would be the same in both cases. However, 
in the absence of other information, it may be supposed that the rate 
of oxidation of the sewage impurities at least is not increased by in- 
creasing the oxygen concentration, and that for economical operation 
an activated sludge plant may be run with the lowest oxygen concen- 
tration which can be consistently maintained. 
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SuMMARY 

The B.O.D. values of diluted sewage and partially oxidized effluent 
were found to decrease as the dissolved oxygen concentration increased, 
the effect being consistent over the entire range from 0.8 p.p.m. to about 
40 p.p.m. Different samples vary in the magnitude of the effect. The 
decrease in the rate of oxygen consumption when the oxygen concen- 
tration was increased from 6 to 36 p.p.m. amounted to 20 per cent in 
the case of two filtered sewage samples, and to 37 per cent in the case 
of two filtered samples of a partially oxidized effluent. 
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By Wititem Rupours ann H. HEUKELEKIAN 


Chief and Associate, Division Water and Sewage Research, New Brunswick, N. J. 


From a theoretical standpoint, the effect of oxygen concentration 
on the biochemical oxygen demand is of considerable interest, regard- 
less what the oxygen concentration of the dilution water may be, be- 
sause the method of B.O.D. determination is assumed to indicate what 
the behavior of sewage or effluents will be in streams varying constantly 
in dissolved oxygen. If variations in the oxygen tension play an im- 
portant role the dilution method loses considerable of its importance 
and the so-called ‘‘direct oxygen’’ methods have very little value. 
From a practical point of view, the effect of oxygen concentration is 
highly important in connection with oxidation devices and the load to 
be handled by clean and polluted streams. The oxygen tension may 
vary from day to day or from hour to hour, resulting in useless or in- 
sufficient supply of air or allowing the oxygen tension to become so low 
(trickling filters) that a part of the efficiency is destroyed. In caleu- 
lating the load to be handled by streams, factors would need to be in- 
troduced to take care of the numerous and constant variations of the 
oxygen tension in the water. 

The problem of the oxygen consumption rate at different oxygen 
tension values dissociates itself into two phases and should be discussed 
accordingly. The first phase of the problem deals with the effect of 
oxygen concentrations up to the atmospheric saturation value and the 
second phase deals with the effect of concentrations up to the satura- 
tion value of pure oxygen. 

Before a critical analysis of the evidence is presented the author 
should be commended for the painstaking and careful work. The pre- 
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cision of his analytical method as indicated by the detail results, which 
are not part of the present paper, is praiseworthy. The individual 
figures given in the tables are based on very closely checking quadrupli- 
cates and in some eases eight analyses. The average results of four 
series in each table therefore represent sixteen analyses for a given 
D.O. concentration. This point should be emphasized because in normal 
B.O.D. work the number of individual tests averaged does not exceed 
three. 
Norma ConcENTRATIONS 


In spite of this careful and precise work the individual series in the 
normal D.O. concentration range does not show a consistent tendency. 
The tendency of the average of four series in the different tables in the 
range of D.O. covering from 1 to 8 p.p.m. is somewhat more consistent. 
In other words, consistent averages are obtained from inconsistent indi- 
vidual series and naturally the question arises as to how these averages 
might be affected by leaving out one or the other of the individual 
series. It is also interesting to know what the magnitude of the 
changes would be in p.p.m. B.O.D. as well as their variations. 

The results covering the lower range of dissolved oxygen concen- 
tration are most complete and consistent (Table IIT). With the aid 
of additional data furnished us by the author the depletions given in 
Table III have been calculated in terms of B.O.D. The calculations 
are shown in Table A, together with the decrease or increase in B.O.D. 


Taste A.—B.0.D. Equivalents of the D.O. Depletions and their Averages (p.p.m.) 


\ een 














Series I Series IT | Series III | Series IV | Average 4 Series 

| | | 

86.0 | 51.7 | 47.0 | 19.2 51.3 

83.0 | 51.7 | 41.5 | 21.2 | 49.3 

83.0 | 46.0 | 45.0 | 20.7 | 48.7 

79.0 | 47.5 | 43.0 21.2 | 47.7 

81.0 | 45.5 | 43.5 | 20.2 | 47.5 

81.0 | 48.0 | 39.4 | 20.2 | 47.1 

83.0 | 46.0 | 38.6 20.0 | 46.9 

Decrease 3.0 | 5.7 | 8.4 | +0.8 | 4.4 

Decrease % 4.5 10.0 | 17.0 | +4.2 | 8.5 
Maximum | 

variation 7.0 6.2 | 8.4 | 2.0 4.4 





+ means increase. 


from the lowest oxygen concentration to the highest, and the maximum 
variations. A perusal of the table will show that (1) the tendency of 
decrease is not uniform within each series, (2) in three out of four 
series the maximum variation within the series is greater than the de- 
crease, (3) the greatest variations are not with the highest B.O.D. 
equivalents, either in p.p.m. or percentages, (4) the variations among 
the series (from an increase of 4.2 per cent to a decrease of 17 per cent) 
are considerably greater than the average percentage decrease for all 
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series. In view of the extreme precision of the technique the average 
decrease might be significant, if the results were consistent, but its lack 
reduces the value of the results greatly. 

By averaging the four series a fairly consistent tendency is noted 
with a maximum variation in B.O.D. of 4.4 p.p.m. or 8.5 per cent. How- 
ever, by averaging different combinations of three out of the four series 
the regularity of decreasing B.O.D. values with increasing dissolved 
oxygen concentration disappears with certain combinations to a greater 
extent than with others. The groups of B.O.D. averages calculated 
are shown in Table B. Even with these averaged combinations two out 


TaBLeE B.—Data from Table IIT. Groups of Averages of B.O.D. Equivalents 
of the D.O. Depletions (p.p.m.) 


| Series I, III, IV 


Series IJ, III, IV 





Series I, II, III Series I, II, IV 





61.8 52.3 39.3 | 50.7 
58.7 51.9 38.1 48.6 
58.0 49.9 31.2 49.6 
56.5 49.2 37.2 : Wf 
56.6 48.9 36.4 48.2 
56.1 49.7 35.8 | 46.8 
55.8 49.6 | 34.8 47.2 
Decrease 6.0 2.7 4.5 3.9 
Maximum variation 6.0 3.4 4.5 3.9 


of the four combined series show a greater maximum variation than the 
decreases. The magnitude of the decrease and the regularity of the 
decreases are perhaps better visualized by plotting the p.p.m. B.O.D. 
against the different oxygen concentrations of the average of the four 
series and by comparing the curves with the more irregular decreases 
of averages of three series (Fig. A). 

The author has pointed out that experiments with small depletions 
(less than 1.0 p.p.m.) are subject to criticism due to systematic errors. 
The experiments with large depletions are likewise questionable due to 
the appreciable decrease in the initial dissolved oxygen concentration 
during incubatoin. In other words, in studying the effect of a given 
dissolved oxygen concentration on the rate of consumption of oxygen 
the initial concentrations decreased continuously and appreciably. (In 
the lower dissolved oxygen concentrations the decrease amounted to 
50 or more per cent of the original dissolved oxygen.) From a prac- 
tical viewpoint it is doubtful whether the effect of the normal.dissolved 
oxygen concentrations on the rate of oxygen consumption can be regis- 
tered on the B.O.D. determination as commonly run by the dilution 
method even if as many as three different dilutions are used. 

There are, further, certain observations which indicate that oxygen 
consumption is not affected within the normal range of dissolved oxy- 
gen concentration. The first observation comes from the B.O.D. de- 
termination itself by the dilution method where two or more dilutions 
of a given sample are made. The results do not indicate any tendency 
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for a lower oxygen utilization or a lower B.O.D. value with the higher 
dilutions which results in a final relatively high dissolved oxygen con- 
centration. In this determination the important factors seem to be a 
sufficient dilution to give an appreciable depletion (1 p.p.m. or more) 
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Fic. A.—Magnitude and decreases of calculated B.O.D. values (based on Pomeroy’s Table IIT). 


and yet not too high a concentration of the polluting material in the 
final mixture so that the final dissolved oxygen is not depresssed below 
1.0 p.p.m. These limitations are set by the systematic errors caused 
by too small or too great a depletion. Within this range and limita- 
tion (with final dissolved oxygen concentration above 1 p.p.m. and a 
depletion of more than 1 p.p.m.) the B.O.D. values obtained with two or 
more dilutions are uniform within the experimental error. 

The second indirect evidence on this question can be adduced from 
the observations regarding the efficiency of purification of sewage by 
the activated sludge process. Although there have been no accurately 
controlled experiments with the dissolved oxygen concentration as the 
only variable factor there are a number of observations which seem to 
indicate that above a minimum dissolved oxygen concentration (vari- 
ously set from 0.5 to 1.0 p.p.m.) the efficiency of the process is not af- 
fected by the dissolved oxygen concentration. 

In the third place, results with aerobic decomposition of sewage 
sludge deposits seem to indicate essentially the same rate and total 
demand for all concentrations between 0.1 and 6.0 p.p.m. dissolved oxy- 
fren (3). 

The author levels criticism at Heukelekian’s results pertaining to 
the retardation of growth at oxygen concentrations between 4 and 6 
p.p.m. The criticism is based on the presentation of averages of bac- 
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terial counts which differ among themselves by very large amounts. 
It is contended that the depression noted in the average curve (Fig. 1 
of H’s paper) is fortuitous and smooth curves can easily be drawn. 
It is stated that the abnormally high counts in series II in the 3.5 to 
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Fic. B.—Bacterial numbers of individual series together with average of four series (from 
Heukelekian’s Fig. 1). 


2.1 dissolved oxygen range vitiate the results. We have therefore re- 
plotted (Fig. B) the individual series separately without averaging. 
It will be seen that the bacterial counts after one day show some de- 
pression within 3.5 to 6.0 p.p.m. dissolved oxygen .concentration in 
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four cases out of five, the only exception being Series III, where prac- 
tically no change is recorded. On the other hand by leaving out Series 
II which has been criticized as affecting unduly the average count, the 
results obtained for the one-day count are as in Fig. B—A. The depres- 
sion of bacterial numbers in the middle range of dissolved oxygen con- 
centration (initial average dissolved oxygen 3.0-5.0) is again evident. 
It should be noted that the results presented in Heukelekian’s Table 
III, with closer intervals of D.O. concentration, and which were not in- 
cluded in the averages of Heukelekian’s Table II, indicate a similar 
depression of bacterial numbers at a range of 4.5 to 5.5. Attention is 
also called to the work by Waksman and Carey (2), who have noted 
similar depressions of bacterial numbers at a dissolved oxygen con- 
centration of 5.6 p.p.m. 


HicHer CONCENTRATIONS 
The effect of dissolved oxygen concentrations above the atmos- 
pherie saturation value appears to be more definite. However, if the 
averages are calculated for the filtered sewages and effluents (Tables I 
and II) at different oxygen concentrations significant changes occur 
only after the dissolved oxygen concentration is above 30 p.p.m. This 
is illustrated by the following results : 


Sewages | K-ffluents 
| 





P.p.m. D.O. | R.D. | P.p.m. D.O. | R.D 
| | eee 

11.5 | 106 11.9-12.0 | 96.1 

18.2-19.3 105 | 18.5-22.0 | 91.7 

27.9-29.6 | 100.3 | 28.3-30.8 | 88.7 

33.5-36.0 | 88.5 | 37.4-37.8 | 68.2 


In the range between 10 to 30 p.p.m. the tendency is similar to the range 
of 1 to 10 p.p.m., except that the individual variations are greater. The 
practical significance of these results would seem to be that super- 
saturation of dilution water, and the use of pure oxygen, as suggested 
by some German and English investigators, produce questionable re- 
sults. 

The author states that bacterial decreases noted at high dissolved 
oxygen concentration (15 p.p.m. and above) may be real or may again 
be due to systematic errors. It would be logical to consider the lower 
oxygen consumption rates at such high concentrations of dissolved oxy- 
gen observed by the author as a confirmation of the results obtained 
from the bacteriological phase of the study reported earlier by Heu- 
kelekian. 

Heukelekian stated definitely at the time ‘‘We have no results on 
the rate of consumption of oxygen at the different dissolved oxygen 
tensions. The amount of sewage added and consequent depletions 
were so small that it would be difficult to draw conclusions from the 
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observed differences in the depletions’? (3). The difficulties en- 
countered by Pomeroy were clearly envisioned at that time. No at- 
tempt was therefore made to compare the depletions and rate of con- 
sumption. The dissolved oxygen figures were given only for the sake 
of showing the initial and final concentration of dissolved oxygen in the 
different series. 

The author states in reference to Fig. 1 of Heukelekian’s article that 
‘‘smooth curves can easily be drawn through the data of his Fig. 1 
without missing the points by more than would be expected from 
theory.’’ We are not aware of any theory regarding the effect of dis- 
solved oxygen concentration on bacterial numbers. The experiment 
was designed to find out the facts. It is not against any formulated 
known theory that total bacterial population may be adversely affected 
by a certain dissolved oxygen concentration. In fact it is quite prob- 
able that certain groups of organisms may be more adversely affected 
at some dissolved oxygen concentration than others, thereby causing a 
depression in the total bacterial population. According to Marshall 
(4) oxygen may be considered a poison as it will kill bacteria at very low 
concentrations. Some bacteria are extremely sensitive to oxygen and 
die if exposed to ordinary atmospheric oxygen. Obligate anaerobes 
are examples of this type. 

REFERENCES 
1. Baity, Water Wks. and Sew., 84, 354 (1937). 
. Waksman and Carey, Jr. Bact., 29, 531 (1935). 
. This Journal, 8, 420 (1936). 
. Marshall, ‘‘ Microbiology,’’ pp. 15-157, 2nd Ed. 
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It is searcely to be expected that the rate of biochemical oxygen de- 
mand will be absolutely unaffected by variations in such an important 
factor as the oxygen concentration, even in the range below atmospheric 
saturation. If the oxygen concentration influences the rate of bacterial 
growth, as Rudolfs and Heukelekian contend, and as undoubtedly is 
the case, then it is all the more certain that oxygen consumption is also 
influenced. The data which I have presented were secured in an at- 
tempt to determine the magnitude and direction of the effect. 

The results of the experiments show some irregularities, but not 
more than is generally expected in oxygen demand work. In the case 
of Table III, smooth curves can be drawn through the data of each se- 
ries, and in no ease will the points be missed by an average of more 
than 0.02 p.p.m. of demand, except for the doubtful point at the first 
of series 4. 

The data of Table III apparently show a downward trend of oxygen 
demand with increasing oxygen concentration. Various criteria may 
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be used to determine whether the apparent trend is significant. Among 
such eriteria which are acceptable according to standard methods of 
statistics is the ‘‘rank-difference coefficient of correlation,’’ explained 
in various textbooks and handbooks (1). The coefficients of correla- 
tion of the four runs of Table II], indicating in each case a downward 
trend, are, respectively, 0.322, 0.607, 0.750, and 0.071. A series of seven 
points may of course show an apparent trend due to accidental distribu- 
tion of values. The probabilities of accidental correlation coefficients 
of the magnitudes shown are respectively 24.89 per cent, 8.33 per cent, 
3.31 per cent, and 45.32 per cent. A proper combination of these values 
indicates that there is one chance in 183 that the apparent trend in 
Table III is accidental. 

If the six oxygen ranges below atmospheric saturation in Table I 
be considered, the trend is equally obvious. There is one chance in 
193 that this trend is accidental. The two groups of data, both point- 
ing so positively to a trend in the same direction, are substantial proof 
that a trend did exist under the conditions which prevailed. This con- 
clusion is not shaken by the line of reasoning followed by Rudolfs and 
Heukelekian in their discussion. The nature of the experiment was 
such as to make it probable that this trend was due to variations of oxy- 
ven concentration. 

The seattering of the points of course introduces uncertainty as to 
the exact course of the trend curve. The remarkable smoothness of 
the eurve (Fig. 2) representing the average results of Table III, is 
fortuitous. The probable error of each point on the curve is 1.3. This 
means that the curve probably varies from the ‘‘true curve”’ (i.e. the 
curve which would be obtained from a large number of similar experi- 
ments with the same materials) by as much as 1.3 per cent for a part 
of its length. Thus the curvature might be different from that indi- 
cated; the data might be represented by a straight line, or there might 
be a minimum in the curve. However, there is only one chance in 25 
that any particular point differs by more than 4 per cent from the 
‘‘true curve.’’ 

A further restriction to generalization of the data must be borne 
in mind, i.e. the fact that these experiments were limited to the sewage 
and effluent of one plant. Other types of pollutional materials, other 
media, and other microflora and fauna might give different results. 

It is to be expected that bacterial growth, as well as oxygen con- 
sumption, will be affected by oxygen concentration. The point at issue 
on the bacterial data is whether the irregularity noted by Heukelekian, 
that is, a Maximum around 3 p.p.m. of D.O., followed by a minimum 
at 5 p.p.m. and then another maximum, is proved by his data to be a real 
effect. The question is best judged by the magnitude of the apparent 
average effect in comparison with the probable error due to random 
combinations of erratic variations. As was pointed out previously, 
the probable error of each average of five results is 130 thousands. In 
comparison with this, the apparent decrease in activity around 5 p.p.m. 
is not significant. 
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Rudolfs and Heukelekian attempt to justify their conclusion on the 
basis of the number of instances in which there is a decrease in the count 
upon going from the range around 3 p.p.m. to the range around 5 p.p.m. 
of D.O. The 1-day counts show this effect in 4 out of 5 instances. 
This does not constitute proof in the scientific sense. To illustrate this 
point, if a coin be tossed five times, there are 3 chances in 16 that a 
specified side will come up 4 or more times. Thus the apparent effect 
may easily be a matter of chance. At the end of 2 days the decrease 
appears in 3 out of 4 cases, and at the end of 3 days in only 1 out of 4 
vases (omitting one case which showed no change). The decrease ap- 
pears, altogether, in 8 out of 13 cases. If a coin be tossed 13 times, 
there is a 29 per cent chance that a specified side will come up 8 or more 
times. The predominance of instances showing the effect is by no 
means great enough to prove anything. 

In the ease of Heukelekian’s Table III, the count at the beginning 
of the run in the second oxygen range is so large that the initial condi- 
tion may have influenced the results. 

The data of Waksman and Carey, which have been cited in the 
argument, are reproduced in the following table, with the oxygen con- 
centrations changed to mg. per liter (approx. p.p.m.). 























Start | 2 days | 5 days 
D.O. | Bact. | |D.O. Bact. DO. | Bact. 

mg./l. pere.c. | . mg./l. per ¢.c¢. | mg./l. | per ¢.¢. 
—- | | —_ aa —EEE - ee ee, |e — 
6.79 107 | 6.58 912,000 430 | 1,426,000 
6.32 ss | 6.24 9,350 5.06 | 1,098,000 
6.20 78 | 6.06 8,000 5.91 812,000 
5.64 69 | 5.54 2,950 5.48 5,150 





These tests were made with sea water. The conditions of the ex- 
periments were such as to admit of the possibility that the results were 
influenced by factors other than the oxygen concentration. This was 
recognized by the authors, who stated: ‘‘This modification of bacterial 
activities by reducing the oxygen tension of the water is of such dis- 
tinct interest that, before the subject has been studied in further detail 
and before the modifications in the physical and chemical conditions of 
the water, such as changes in hydrogen-ion concentration, are better 
understood, no broad generalizations can be made.’’ But even if the 
variations in bacterial growth are considered to be due solely to the 
influence of oxygen concentration, the results still do not substantiate 
Heukelekian’s finding of a maximum in activity around 3 p.p.m. fol- 
lowed by a minimum; they show a consistent increase in growth with 
increase of initial D.O. over the range studied. 

It is interesting to note that these data show a large variation in 
oxygen consumption with changes of initial D.O., but the effect is op- 
posite in direction to that observed in my experiments. 
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The ‘‘theory’’ on the basis of which I claimed that smooth curves 
could be drawn through the data of Heukelekian, and which was the 
subject of discussion in the last paragraph of the comments by Rudolfs 
and Heukelekian, was the purely mathematical theory of errors. 

If a smooth curve be drawn through the data of Heukelekian, then 
such a curve will indicate a general tendency toward greater bacterial 
activity at higher oxygen concentrations throughout the range of mod- 
erate oxygen concentrations. If this fact be correlated with the results 
of the experiments on the rate of oxygen consumption, it will lead to 
the conclusion that higher oxygen concentrations tend to favor organ- 
isms with lower specific rates of oxygen consumption. However, there 
is no assurance that the different samples of sewage used in the two 
studies would show the same behavior, and hence the conclusion is of 
doubtful value. 

The discussions which Rudolfs and Heukelekian and I have made 
of each others papers in each case point toward the desirability of 
further data on the important questions which have been the subject 
of our researches. Some effect such as that which Heukelekian claims 
may be real, although it does not appear to me to be probable. Doubt- 
less further data will become available in the future to throw more light 
on this point. Also, it is to be expected that other laboratories in the 
future will repeat experiments of the type of mine, with completeness 
and accuracy exceeding that upon which Rudolfs and Heukelekian have 
so generously complimented me, and it will be interesting to find from 
such experiments what generalizations can be drawn. 
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SEWER RENTAL LAWS IN MICHIGAN * 
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Although this paper deals primarily with a review of sewer-rental 
practice in Michigan, it is thought it might be of some interest to give a 
brief review of the status of sewer rental laws throughout the United 





States. 








TABLE 


I 





Table I is taken from the 1936 issue of the Municipal Index. 










Do Cities Charge 
Sewer Rentals 
















Enabling Date oe 
Act Passed With Without 
State State 
Act Act 
ORS techs ih us Yes 1933 Yes = 
| et eee No - = Yes 
a Yes 1933 Yes a 
CS Yes 1933 No — 
Colo... No as Yes 
ROAR ERR. ce Yes 1931 No Yes * 
RN rose ocd, No - y 
Mas. ..... Yes 1935 Yes _ 
NA ee ee No Yes 
Idaho....... No : : No 
| eer Yes 1933, 1934 Yes — 
ind..... Yes 1932, 1935 Yes 
Sowa... ..... Yes 1931, 1933 Yes 
EMRE oes 5 Yes 1923, 1933 ig = 
Cee Yes 1926 Yes = 
Pe eee Yes 1934 Yes . 
Maine... Yes 1933 No 
Md.... Yes 1927 Yes — 
Mass....... Yes § Yes — 
Mich..... Yes 1927, 1929 Yes —_ 
oS Se Yes 1935 Yes — 
Ntss.... .... Yes 1935 Yes — 
ee No — — No 
Mont..... Yes — No — 
TOS eee a No — No — 
hs | ae Yes 1933 Yes == 
* Manchester purchased a private system and collects rentals. 
+ Georgetown had Special Act passed in 1931. 
t Ellsworth only 3d class city using rentals. Wichita has Special Law. 
§ Authority given by General Laws, annual assessments declared constitutional in 1901. 
* Presented at the Thirtieth Annual Conference of the Michigan Sewage Works As- 
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482 












tal 


ed 


bake 


483 


Vol. 10, No. 3 


SEWER RENTAL LAWS IN MICHIGAN 


TaBLE I—Continued 








Do Cities Charge 
Sewer Rentals 
Enabling Date 
Act Passed With Without 
State State 
Act Act 
Nev. Yes 1919 | — 
‘er ae Yes 1917 Yes — 
N. Mex No | — — Yes 
N. Y. | Yes 1929 No ae 
N.C. | Yes 1933 Yes ats 
N. Dak | Yes 1933 Yes | — 
Ohio | Yes 1933 |} Yes | — 
Okla | No a | Yes 
Ore | Yes 1933 | Yes | se 
Pa. Yes 1935 Yes | — 
1, ES ere | No | | — No 
S. C. | No | | - | No 
S. Dak | No — — 
Tenn | Yes | 1933, 1935 Yes Yes 
Texas No | Yes 
Utah No | - - - 
Vt. No | - - — 
Va. No | - - Yes § 
Wash Yes 1909 Yes | — 
W. Va Yes | 1933 Yes | — 
Wis | Yes | 1929, 1933 Yes | — 
Wyo ; | Yes | 1935 | ar 
Dist. of Col. | No | | | No 


Dayton charged rentals for several years before Act was passed. 





* Through charter provisions. 














Kxamination of this table shows that thirty-two states now have en- 





abling acts, and that twenty-five states are taking advantage of these 
acts and are charging sewer rentals for the construction of sewage 
treatment plants or for the operation and maintenance of sewage treat- 
ment plants and sewerage systems or for both. Of the seventeen 
states, including the District of Columbia, which have no enabling act, 
there are seven states in which cities are charging sewer rentals either 
through charter provisions or through their interpretation of the gen- 
eral law of the state. 

A detailed review of the status of sewer rental laws in the forty- 
eight states would be very voluminous and too long a paper for this con- 
ference. Such a review has been published in the 1936 issue of Munici- 
pal Index. 

A study of Table I shows that only three enabling acts were passed 
previous to 1920, six from 1920 to 1930, and twenty-one since 1930. 
This shows that there were very few sewer rental laws in operation 
prior to 1930, and indicates that the practice is new and one that has 
come into general use during the past seven years. 
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The advent of sewer rental laws may be traced to the activity of 
State Departments of Health in their campaigns to put a stop to the 
pollution of the rivers and lakes throughout the nation. Municipalities, 
faced with the necessity of building a sewage treatment plant, found 
that they could not finance the cost of construction, operation and main- 
tenance of such a plant from the usual sources of revenue, namely the 
property tax, and of necessity, looked for other sources of revenue, and 
the sewer rental laws are the result. Sewer rental laws are fair be- 
cause the property served pays for the service received. 

It is a generally accepted fact that moneys received from sewer- 
rental charges may be justly used for the construction, maintenance and 
operation of sewage treatment plants and main- and intercepting-sewer 
construction and maintenance. These moneys should not be used for 
the construction of storm sewers or for the extension of the lateral 
system of sanitary sewers. In some instances sewer-rental ordinances 
have been defeated because they were designed to cover the cost of con- 
struction of storm and lateral sewers. The best practice is to limit the 
use of sewer-rental revenues to the construction of sewage treatment 
plants, their maintenance and operation, and possibly the construction 
of trunk sewers from the city to the treatment plant and the mainten- 
ance of the sanitary sewer system. The cost of construction of lateral 
sewers should be raised by special assessment against the property 
benefited, and the cost of storm sewers either by special assessment or 
from general tax revenues. 

Michigan’s first so-called sewer rental law was passed in 1927 and 
amended in 1929. This law was Section 3 of Act 320, Public Acts of 
1927, and Act 160, Public Acts of 1929. Section 3 reads as follows: 

The legislative body of any such governmental agency or municipality or the re- 
spective legislative bodies of such governmental agencies and municipalities, who may 
have agreed to jointly own and operate intercepting sewers or sewage-treatment plants, 
may create a separate board or may designate certain officials of the governmental 
agencies or municipalities, to have the supervision and control of such intercepting 
sewers or sewage and garbage disposal plants. The legislative body, respective legis- 
lative bodies, or such board, may make all necessary rules and regulations governing 
the use, operation, and control thereof. The legislative body or respective legislative 
bodies may establish just and equitable rates or charges to be paid to them for the use 
of such disposal plant and system by each person, firm or corporation whose premises 
are served thereby. If the service charge so established is not paid when due, such sum 
may be recovered by the governmental agencies or municipalities in an action of as- 
sumpsit, or it may be certified to the tax assessor and assessed against the premises 
served, and collected or returned in the same manner as other county or municipal 
taxes are certified, assessed, collected and returned. 


I have never heard of a plant being built under the provisions of 
this law. While it appears to be easy to take advantage of the provi- 
sions of this Act, there are several things that must be done that are not 
easily done. Mortgage bonds may be issued by the legislative body of 
a municipality without a vote of the people, but the bonds must contain 
a franchise feature which requires such a vote. Bonds ean be issued 
by a municipal, legislative body after a court of competent jurisdiction 
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has ordered a plant built. The present Revenue Bond Act is the better 
law to work under. 

The Revenue Bond Act, or Act 94 of the Public Acts of 1933, was 
enacted in order that Michigan cities might avail themselves of the 
opportunities offered by the Public Works Administration. However, 
the Public Works Administration would not approve projects to be 
financed under the provisions of this Act until the Supreme Court of 
the State had passed on its constitutionality. Suit to test the consti- 
tutionality of the Act was filed by the cities of Ann Arbor, Traverse 
City and Charlevoix. In a decision handed down on May 4, 1934, the 
Supreme Court held the Act constitutional. The title of the Act reads 
as follows: 


An Act to authorize any county, city, incorporated village, township, school dis- 
trict, port district or metropolitan district, of the state of Michigan, to purchase, acquire 
or construct housing facilities, garbage, rubbish and/or sewage-disposal plants and sys- 
tems, incinerators, public markets and storage facilities, merchandise marts, industrial 
marts, commercial marts, yacht basins, harbors, docks, wharves, terminal facilities, 
bridges over, tunnels under, ferries across rivers, streams and/or channels within or 
bounding such unit, community buildings, stadiums, convention halls and auditoriums, 
dormitories, hospitals, buildings devoted to public use, parks and recreational facilities, 
reforestation projects, aeronautie facilities and marine railways, either within or with- 
out the limits of such county, city, incorporated village, township, school district, port 
district or metropolitan district; to authorize any county, city, incorporated village. 
township, school district, port district or metropolitan district in the state of Michigan, 
now or hereafter owning and operating any such projects, to improve, enlarge, extend 
or repair the same; and for any such purpose or purposes to authorize any such county, 
city, incorporated village, township, school district, port district or metropolitan district 
to issue self-liquidating revenue bonds, payable solely from the revenues derived from 
the operation of such project; to regulate the issuance, sale, retirement and refunding 
of such bonds; to regulate the use of the revenue of such projects when any such bonds 
are issued or outstanding, and for other purposes. 


There are about four different methods of applying sewer rental 
charges in use. They are as follows: 


1. Single charge per connection. 
2. Charge based on type of sewer connection. 
9 


3. Charge based on volume of water consumed. 
4. Charge based on number of fixtures. 


© 


Of the 30 municipalities in Ohio which have sewer rental ordinances 
in operation, 13 base the charge on the volume of water used, as shown 
by the meter records of the Water Department. Seventeen Ohio mu- 
nicipalities use the flat rate basis of charge for sewer rental. This flat 
rate basis is divided into three general classes. 


1. The single charge per connection with no distinction as to type of 
premises served. 

2. The flat-rate charge per connection, varying according to the number 
and type of fixtures in the building served. 

3. The flat-rate charge which varies according to the type of premises 
served. 
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The latest information obtainable from Indiana shows that there 
are 67 sewage treatment plants in the state, 19 of which operate on the 
sewer rental basis. The sewer service charge in 15 of these 19 cities is 
based on the metered water consumption. 

In Illinois there are 23 municipalities operating sewage treatment 
plants under sewer rental ordinances. Of these 23 municipalities, 12 
base their sewer service rates on the water consumption. Wisconsin 
has 3 municipal sewage treatment plants operating under sewer rental 
ordinances, 2 on a flat-rate basis and the other on a fixed charge plus 
fifty per cent of the water bill. Several existing plants are consider- 
ing sewer rental ordinances, and a number of new plants, now under 
construction, will use this method of financing. 

Of the 73 municipalities in Michigan operating sewage treatment 
plants, 18 have sewer rental ordinances. The following table sum- 
marizes the practice in these municipalities. 

Basis of Charge 


OE TOES he ae Volume of water consumed 
Ann Arbor........ BP Rh aac = = 
Battle Creek... . Ne u he VE 

AGRI ests ai NA aT aR ams “lat rate per connection 
[SRAMCVOIK 2. a sas sacs elecess No report 

Grand Seven. .... 2.0... ...65 Volume of water consumed 
Jackson.......... ai 5 se 
Pr re 

Monroe...... oe: moet 

Muskegon 

Muskegon Heights eee 

St. EMRCE. 4c. cscs. No report 

Traverse City.... Volume of water consumed 


You will note that 10 of the 11 cities reporting, base their charge on 
the volume of water consumed. This basis of charge seems to be the 
most popular and is the most practicable where the water consumption 
is metered and municipally owned. 

The original Ann Arbor ordinance was passed August 10, 1934, but 
was amended December 17, 1937, before the rates were put into effect. 
I quote Section 7 of the ordinance, which, with proposed amendments, 
pertains to rates. 


Section 7. The bills for services furnished by said Sewage Disposal Plant shall be 
levied upon each lot or parcel of land, building, or premises (hereinafter called premises) 
having any sewer connected with the sanitary sewer system, on the basis of the quan- 
tity of water used thereon or therein as the same is measured by the City of Ann Arbor 
Water Meter there in use. If any premises has any sewer connection with the sanitary 
sewer system, but is not a user of water which is measured by a City of Ann Arbor 
Water Meter, the quarterly charge shall be fixed by resolution of the Common Council. 
The Common Council of the City of Ann Arbor may classify the users of sewer service ac- 
cording to the quantity of water used, and charge such rates to the users in each class as 
it may deem reasonable. 

Where it is evident that certain users of water use more water in the summer months 
for non-sprinkling purposes than they do in the winter months, the Common Council 
may order such users billed on the basis of water used in each month or each three- 
month period. 
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In cases where premises have a private water supply, the Common Council may 
order a water meter installed to measure the amount of water used in order to establish 
a basis for the sewage service charge, and the quarterly charge shall be fixed by resolu- 
tion of the Common Council. 

The bills for sanitary sewer services shall be prepared by the Water Department 
and collected at the same time and in the same manner as provided for water bills. The 
Water Department is hereby authorized to enforce the payment of such sewer service 
pills by shutting off the user’s water supply, or an action of asswmpsit may be instituted 
by the City against such user. Moreover, such bills for sanitary sewer services shall 
constitute a lien on the premises served by such a connection, and if not paid within 
ninety days may be certified to the City Assessor who shall place the same on the tax roll 
of the City. Such charges, so assessed, shall be collected in the same manner as general 
city taxes. 

The rates to be charged for the sanitary sewer services are hereby fixed and deter- 
mined to be as follows for each three-month period: 


1. For the first 1,500 eu. ft. of water used 8.75 cents per 100 eu. ft. 
2. For the next 98,500 eu. ft. of water used 5.25 cents per 100 eu. ft. 
3. Over 100,000 cu. ft. of water used 3.50 cents per 100 cu. ft. 

4. Minimum rate 75 cents, no discount. 


7-5. Ten per cent discount allowed on all bills, except minimum rate paid within 
ten days from date of bill. Said rates shall be applied to the water billed on January 
first, February first, March first, April first, May first, and June first, except as herein 
provided. Billing on July first and October first shall be for the same amount as billed 
on April first, regardless of the amount of water used. Similarly the billing on Au- 
gust first and November first shall be for the same amount as billed on May first and the 
billing on September first and December first shall be for the same amount as billed on 
June first. Consumers billed for the first time in any month shall be charged at the 
established rates. 

If any premises are billed for water on a monthly basis, they shall also be billed for 
sanitary sewer service on the same basis. The sanitary sewer service billing on the first 
of May, June, July, August, September, and October will be the same as billed on April 
first, unless application is made as provided in the next paragraph. 

Nothing herein contained shall prevent the owner or occupant of any premises from 
electing to pay for sanitary sewer service on the basis of water used in every three- 
month period, provided such owner or occupant makes application in writing to pay on 
this basis for at least one year from the date of the next billing, following the date of 
application. 

Nothing herein contained shall prevent any owner or occupant of a premises from 
making a division in the water service pipes, supplied with water through a single meter, 
so that, through the installation of one extra meter, the water used for purposes from 
which the waste water does not enter the sanitary sewer system can be measured sepa- 
rately from that water used for other purposes. No sanitary sewer service charge shall 
be made for such properly measured water used for purposes for which the waste water 
does not enter the sanitary sewer system. 

When such a division of service is desired, application shall be made by the water 
consumer to the Board of Public Works, and when such division of service is certified 
to by the Plumbing Inspector and approved by the Board of Public Works, a meter, as 
above provided, shall be installed by the Water Department. 

If by any act of the owner or occupant of any premises, the waste water, which 
under the above approved installation, does not enter the sanitary sewer system is caused 
to enter the sanitary sewer system, the premises shall be billed at the regular sewer 
service charge rates for all water used during the entire regular billing period in which 
the unlawful waste of water occurred, if it can be determined; otherwise for a period 
not to exceed five years in the discretion of the Board of Public Works. 

The Common Council shall appropriate sufficient amounts and order paid the rea- 
sonable cost and value of the services rendered to the City of Ann Arbor by such Sew- 
age Disposal Plant. Said value shall be determined in the same manner as hereinbe- 
fore established for private premises. 
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The Ann Arbor ordinance was designed to produce revenue equal 
to fifty per cent of the revenue received from metered water sales. As 
the rates are applied to water consumed in the six winter months, in 
order to eliminate water used for sprinkling from the sewer service 
charge, the sewer service rates are 57.85 per cent of the water rates, and 
produce revenue equal to 50 per cent of the total metered sales of water 
for the year. 

Another point in the Ann Arbor ordinance is that the water user 
is given every opportunity to make his sewer service charge as low as 
possible so as not to curtail the use of water. If a consumer uses more 
water in the winter than in the summer, he may elect to pay the sanitary 
sewer service charge on the basis of water used in every three-month 
period. He may also apply for the installation of a meter for measur- 
ing water used for any purpose for which the waste water does not 
enter the sanitary sewer system. The charge to sewer users, who are 
not users of city water, is at present a flat rate, which is the average of 
the charge to families of the same size who are users of city water. We 
also have the privilege of installing a meter on the private water supply 
to determine the amount of water used. 

The ordinance has been working very well, and although we have had 
some complaints, we have not had any refusal to pay the sewer service 
charge. This may be attributed to the fact that for the year previous 
to the time the sewage treatment plant was put into operation, the city 
water rates were increased 50 per cent for the purpose of providing 
funds for building a water softening plant. The sewer service rates 
were started the month after the 50 per cent increase in water rates was 
discontinued, so the water consumers’ first bill for both water and 
sewer service was about the same as it had been the previous year for 
water alone. I believe the increase in the water rates for the year 
prior to the time the sewer rates were instituted was responsible for the 
sewer service charge being so favorably accepted. 

The total accounts receivable (less municipal service charge), for 
the year the 50 per cent increase in rates was in effect, were $219,838.85. 
Of this amount only $686.99, or 0.31 per cent, has been charged off as 
uncollectable. 

For the first thirteen months the sewer service charge has been in 
foree, the accounts receivable were $77,900.91. The actual collections 
have been $76,804.82, leaving only $1,096.09 unpaid. On the basis of 
the Water Department’s experience only 0.313 per cent of this amount, 
or $245, will have to be charged off as uncollectable, which I think is a 
remarkable record. 

Sewer service is furnished to non-residents where .existing sewers 
pass their property, at double the rates of residents, plus a minimum 
connecting charge of $66. 

I am of the opinion that the charge based on the volume of water 
consumed is the fairest and most scientific. It is evident that this 
method cannot be used where the water system is not municipally owned 
or where the water services are not metered. One of the variations of 
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the flat rate basis of charge would most likely be the easiest to estab- 
lish, but as stated before, I believe a rate based on the volume of water 
used and returned to the sanitary sewer system is the fairest basis of 
charge. Of course an ordinance, basing the charge on the volume of 
water consumed, in order not to curtail the use of water, should provide 
methods of eliminating any charge for water that does not enter the 
sanitary sewer system, such as water used for sprinking and water used 
in industry that is returned to the storm-sewer system or is used in 
manufactured products. 

Reports from the cities contacted, indicate that sewer rental ordi- 
nances are working satisfactorily throughout the state and are provid- 
ing a means of producing revenue for building and operating these 
necessary plants which, under existing conditions, could not be obtained 
from any other source. 

The sewer service rates charged by Michigan cities are given in the 
following tabulation. 


ALMA 
Minimum charge per month (including first 2,000 gal. per month)...... $.70 
Charges per 1,000 gal. per month 
DARIO UO OOOIaIs PEE MNONUN s 2% 5 Gis ais bea TER ASAE RAE (EEO 
MEUM N TA FAUMII EY. eer, botnet Re Re ag a hel Was eh ecec Pd SLATS Sovguins Baw TSd Rae 
Ogre 07 CNR BRS amen ate Sire Poe ees ot P09 a eae aioe Oe 


ANN ARBOR 
Rates per quarier for 100 cu. ft. 


Minimum charges.... . ouahtaba Bateverardh wish d rnin lane ateea) Lappe OMELOF CIR COUINE 
First 1,500 cu. ft. of water ey een ee sad nceick BBE enews. dip’ wkeaaians SD 
1,500 to 100,000. SET ay ROR Ce eM Ne i ee ee Ee te |) ii 
Over 100,000. rae sf cicherey See 


Ten per cent dosent on all bills nouek minimum nif paid ati ten days from date of bill. 
BatrTLeE CREEK 


Charges per 1,000 gal. per month 


Minimum charge (including first 1,800 gal. per month)............... $.80 

8001015000 Gals MeN MONOD. ..66 srs sive s coon some waereeieeeses WOO 

SOM TL OPT M OR asec STN oss ole shave Bacon Winer G io oad he aioe ieee RON 

TU I ee ind ide poneaig WW Oe lhnn oe cand wa dleavdarSs te wadieoter! ROS 

B00 000 104000 000 O00 ois, ok ehh S ew ld aca acy biaatwawkataweien aODy 
Caro 


Flat rate $2.00 per connection per year, assessed on regular tax roll. 


GRAND HAVEN 


Based on amount of water used in winter quarter 


Quantity per Quarter Monthly Charge 

Up to 1302] a SPER CG ems ¢ 17, 

SS EMIEE Ey EMRE SE sesh cep ois ctsa iy Dece: thet nis ala VER Sa Meee eee RD 

11,000 to MIRROR 302 P02 Ae cn 8 aii oe ls aver tnd her pod caL ee 
PCH RUN CP Seen 2a an aly whiney bea ne gigs oes 
Pe pe 8) Ss Seg ara ee ne Ore Pee REE eee), 
PIO I he Sea ees eee ae Babee’ ae aks SOO 
VATS ae IN co 2 ere pede Soule ae oa aig sales DU aoa, ew eine aes 
ee Pa NO sere Fa Stia feand Saeed e Salons BM sin ea Sa SE 
SD OOD Ch stn NEI os Sho head edo dere SR oa datey ee eee Ow 


Over NOIR eterno crs RS A Sho) ccna ole abi tle ile late aca eee 
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JACKSON 


. $1.60 per 1,000 cu. ft. 
1.50 
1.40 
1.25 
1.10 
1.00 


May, 1938 


First Ue COE | a er er re 
Next 300— 600.... 

Next 600-— 900...... 

Next 900- 1,200............... 

Next 1,200- 2,000.......... 

Next 2,000- 5,000...... 

Next 5,000-10,000.... 


Next 10,000—25,000 
Next 25,000 and over 


2 in. meter 


i 

Bi 
11-1} 
2 
4. 


ae 
Biss 


Minimum Bills 


80 
40 


99 


3.00 
7.00 
9.00 


.. 20.00 
. 35.00 


Sewage charges based on monthly meter readings and billed monthly and in accordance 


therewith; that sewage rates to domestic consumers be based on the average of monthly read- 


ings computed on the average consumption of water per month in the six months ending 


April 30 of each year, ten per cent discount if paid within fifteen days from date of bill. 


LUDINGTON 


Minimum quarterly charge 


First 13,000 cu. ft. 
Over 13,000. . 


The above rates 


other three quarters, the billing is 


dences. 


are applied to the 


Factories are billed 70 per cent of March water bill and 


MoNROE 


Rate Schedule 


water consumed in the quarter January to March. 
the same as for the January to March quarter for 


. $1.05 


$.07 per 100 cu. ft. 


.035 per 100 


The 
resi 


are billed monthly. 


Harsh 200000! Tt.....0.. 046.0505. . $0.58 
Per 1,000 cu. ft., next 600 cu. ft. 1.26 
Per 1,000 next 8,000 1.00 
Per 1,000 next 85,000 .70 
Per 1,000 OS US CC | i cs ee are .50 


Meter Size 


Minimum Bi-Monthly Bills 





Two paper mills charged at rate 
of $4,000 per year per cubic 
foot per second of industrial 


Sewer users, not water users, are 
charged a flat rate of $0.50 per 
family for each biJling period. 
Each extra family in resi- 


3 in . $0.58 
Zz... 0.87 
Bex 1.45 
1}. 2.19 waste. 
1}. 2.57 
a 3.69 
sae 7.38 
4.. 11.07 
G:.. 18.45 


dence $0.25 per family. 
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MUSKEGON 


Minimum charge per quarter including first 1,800 cu. ft. of water $1.00 and on all 
amounts over minimum shall be the following basis. 

From 0 to 50,000 ecu. ft. per quarter $.06 per 100 cu. ft. 

From 50,000 to 100,000 cu. ft. $.05 per 100 cu. ft. 

From 100,000 to 150,000 cu. ft. $.04 per 100 cu. ft. 

All over 150,000 cu. ft. $.03 per 100 cu. ft., plus a 10 per cent penalty for delinquent ac- 
counts. 

Such charges to be based upon average water consumed or used during the months of 
November to April, inclusive, of each year. 


MuskeGcon HEIGHTS 


Oto 5,000 gal. per month........................ $.09 per 1,000 gal. 
ETO LHI cos ne ea lorne ct CRs Tis Ae dis QW Walaccake ieee COR 
PU ANN ied 2 Varga ieracehretah ure sega cane < eve, HO 
15;000 gal and above ‘per Month... 1.6.5... odesceecsts | oUF 


During the first week of each month each consumer is billed for a minimum charge of 
$1.10 for water and sewage services combined for that month. A discount of ten cents is 
allowed if the bill is paid before the 25th of the month. Each consumer is billed quarterly 
for the amount due in excess of the minimum. The sewage charge is based on the water 


consumed during the six winter months. 


TRAVERSE: CITY 


Minimum charge $1.50 per quarter 


First 3,000 cu. ft. or part thereof per quarter. ....... $0.80 per 1,000 cu. ft. 
3,000 to 13;000 cu: ft. per quarter. .... 2. ..05..02.65 40 

DSA Dees ON oor os Gaye oie i wser s aesyhal has aoe waa biaiaeiale | 
Over SO hertishe a oaisa me stbeiain eee Soe een! | ee 


Above rates apply to water consumed during the six winter months. The charge for 
residences for the first summer quarter is the same as for the preceding first winter quarter 
and the charge for the second summer quarter is the same as for the preceding second winter 
quarter. 

Five per cent discount if bills are paid within fifteen days from end of each quarter. 


FLINT 


The cost of operation of the sewage treatment plant is paid from water revenues. 


St. IGNACE 


Minimum charge $.50 per month 


First 4,000 gal......................... $.25 per month plus meter service 
| rene 
INGRIEONOIO s.. Sur hiios cee Ante eee) ee 
SS en re 

Meter Service 

$ in. and 2in.................. § 60 per month 

iar 1.00 

De aces mals Oana Ce 

71 2.00 


Meter readings obtained from the Edison Sault Electric Company. 








Account 
16-140 


16-205 
16-605 


16-225 


16-601 


16-300 


16—408 
16-409 


16-415 
16-420 


16-425 

16-440 
445 
446 } 
450 } 


16-470 


16-500 
16-505 
510 
516 
520 
16-430 
16-435 


It is possible that during the next fiscal year it will be necessary to construct auxiliary sludge 
drying beds and install chlorination equipment, which were omitted from the general construction 


contract. 
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ANN ARBOR 
SEWAGE TREATMENT PLANT 
Estimated Cost of Operation 


1937 


Plant Expansion 
Microscope 
Hot Air Sterilizer. 
Laboratory Desk. 
Lawn Mower 
W. P. A. Grading, Ete. 
Truck. . 
Miscellaneous 


Temporary Loan 
Temporary Loan Interest 


Bonded Debt... . 
Interest Charges—Bonds 
Interest Charges—Plus 10 per cent 


Sewage Treatment Service 
Special Appropriation 
Ferrie Chloride. 

Lime 


Miscellaneous 

Motor Equipment Operation 
Motor Equipment Depreciation 
Power Purchased (At Plant 


Salaries and Wages 


Supplies 


Power Purchased (Fuller St. 


Auditing... . : 

Billing (Payment to Water Dept.) 
Miscellaneous 

Office Expense (Plant) 

Telephone, Postage, Etc. 


Repairs of Plant Equipment (13 per cent of $110,000.00) 
Repairs of Structures (3 per cent of $295,000.00) 


_ $ 5,000 





May, 19388 


. $140.00 
32.00 
35.00 
137.50 
984.00 
923.50 
200.00 $ 2,452 


400 5,400 


13,000 
12,520 
2,552 28,072 


1,000 
1,000 


100 
100 
200 
5,000 
15,480 


1,500 


150 


300 
4,200 
100 
50 
210 
1,650 
1,475 


$69,039 








$68,500 
9S4 


$69,454 














Vol. 10, No. 3 SEWER RENTAL LAWS IN MICHIGAN 493 


AnN ArRBorR City WatTeR DEPARTMENT 


AnN ArBor, MICHIGAN 
No. 
Application 
To Department of Public Works: 
Application has been made in accordance with the provisions of the ordinance authorizing 
the construction and operation of a Trunk Line Sewer and Sewage Disposal Plant for the following 


service at 
Location 


I. For payment of sanitary sewer service on the basis of water used in every three-months period 
in accordance with Par. 3, Sec. 7 
Applicant Signed by.. 
Date 


II. For the installation of a meter for measuring water used for any purpose for which the waste 
water does not enter the sanitary sewer system, in accordance with Par. 4, Sec. 7 


Purpose 


Applicant... Signed by.. 
Date 
Referred to Plumbing Inspector. 
I hereby certify that none of the water supplied through meter No. at the above location 
will normally enter the sanitary sewer system. 
Signed 
Plumbing Inspector Date 


III. To fix quarterly charge for sanitary sewer service on above premises where there is no city 
water service, in accordance with Par. 5, Sec. 7 


Applicant Signed by.. 
Date 
teferred to Common Council 
Date 
Action : gd 
Date 


IV. Miscellaneous: 


Remarks: 

Approved by 

Board of Public Works _ Per ; rat 
Date City Engineer 











SLUDGE DIGESTION AND INSPECTION OF TANKS 
AT ROCKVILLE CENTRE, N. Y.* 


By C. G. ANDERSEN 


Superintendent of Sewage Treatment, Rockville Centre, N. Y. 


The digestion tanks of the Rockville Centre Sewage Treatment 
Works were recently completely emptied, cleaned and inspected. As 
these tanks were previously inspected seven years ago and have been 
operated continuously for eight years, the writer thought that some of 
the operating results and observations on the condition of the tanks 
might be of interest. 


DerscrRIPTION OF PLANT 


The Rockville Centre Sewage Treatment Plant was designed by 
Clyde Potts, Consulting Engineer, and constructed in 1929. <A previ- 
ous design made in 1924 was of the same type, activated sludge with 
digestion of primary and activated sludge. At that time the digestion 
of activated sludge and even separate sludge digestion was somewhat 
novel. In the plant as constructed, provision was made for discharging 
sludge from the primary tanks and also from the secondary tanks to 
the sludge digestion tanks. The supernatant liquor was discharged to 
the influent of the primary sedimentation tanks. 

The digestion tanks are of the suppressed roof type in which the 
water level in the tank may be maintained at an elevation slightly above 
the underside of the concrete tank roof. This prevents the drying out 
of floating solids or seum and provides for digestion throughout the 
entire tank contents. There are eight units of digestion tanks, each 
with a capacity of 7,950 cu. ft., making the total capacity 63,600 cu. ft. 
As the plant was designed for an ultimate population of 20,000 this is 
slightly more than 3 cu. ft. per capita. Each tank unit has a sludge 
inlet pipe and a supernatant or displaced liquor pipe, each of which is 
provided with a swivel joint so that the pipes may be swung up or down 
to adjust to the level of sludge discharge and liquor drawoff (Fig. 1). 
The ends of the pipes are attached to chains which pass through pipe 
sleeves in the roof. The tank bottoms have a slope of 12 per cent and 
drain to a digested sludge outlet. Each of the eight tanks has a gas 
collector which consists of an 18-in. flange pipe covered with a blank 
flange. The gas pipes are connected to the tops of the collectors and 
each collector has a scum breaker, which is a bent rod that may be 
worked up and down and rotated, to break up any scum that may collect 
in the gas collector (Fig. 2). The tanks are heated by hot water which 
is circulated through a closed piping system in the digestion tanks. 
The water is heated by gas obtained from sludge digestion. There 


* Presented at the Tenth Annual Meeting of the New York State Sewage Works As- 
sociation, New York City, January 21, 1938. 
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are 70 ft. of 21% in. cast iron hot water pipe in each of the digestion 
units. 

The gas collected from the sludge digestion tanks is carried to a 
5,000 eu. ft. gas holder which supplies the blower house, where gas is 





Fic. 1—Swing pipe for removal of sludge or supernatant liquor. 


used by hot water heaters and also by gas engines. One gas engine is 
connected to a generator and another to a blower. The tanks are de- 
signed so that the gas may also be collected in the tanks displacing the 
supernatant liquor as it forms. This procedure has not been followed. 





Fie. 2.—Manually operated scum breaker in gas collector. 
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InitT1AL OPERATION OF DicrestTion TANKS 


When the tanks were first started in operation they were not seeded, 
but no difficulty was experienced at first. As house connections speeded 
up to the point where more than 60 per cent were connected, our troubles 
started. All the primary and excess activated sludge was discharged 
to the digestion tanks. In those days the activated sludge return was 
supposed to be about 20 per cent by volume and little attention was paid 
to the solid content of the sludge. As a result of the large quantity of 
sludge discharged to the digestion tanks the supernatant liquor was 
very strong and detrimental to the operation of both the primary and 
aeration tanks. The concentration of the excess activated sludge be- 
came a necessity, and as this procedure was perfected, the concentrated 
fresh sludge from the primary sedimentation tanks was mixed with the 
concentrated excess activated sludge in a separate chamber. This 
seemed to solve our problem as the quantity of sludge pumped to the 
tanks was greatly reduced and the quantity was controlled. With the 
assistance of heat in the digestion tank and with careful pH control 
the sludge was finally adjusted and a definite separation of sludge and 
supernatant liquor obtained, insuring a clear supernatant and remoy- 
ing one of our supposed reasons for bulking in the activated sludge 
plant. 





Fig. 3.—Sampling sludge in digestion tank. 


When the tanks were first started the production of gas was slow 
and gas furnished by the local gas company was used for three months 
January, February and March, 1931. Following this initial warm- 
ing up of the tanks they proceeded under their own steam and from 
then on, no purchased gas has been used. From the beginning of 
operation the tanks have been carefully observed and a considerable 





May, 1938 
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volume of data obtained. The temperature and depths of sludge in 
the tanks were taken daily by a cross-section sampling pole (Fig. 3). 
This sampling device consisted of a pole on which a number of bottles 
were fastened at intervals of one foot. The pole is inserted to the full 
depth of the tank and starting at the top the stoppers are removed one 
at a time by cords fastened to them. This sampling was done daily 
for about a year and weekly thereafter. 


OPERATION OF DicEsTION TANKS 


The same principles used in establishing the operation of the ac- 
tivated sludge tanks have been applied to the operation of the sludge 
digestion tanks. As described in a previous paper, the plant is con- 
sidered as a living organism. This is notably true in the case of the 
digestion tank. It is my opinion that the best results are obtained from 
a digestion tank when sludge is admitted and withdrawn from a tank 
as uniformly and as continuously as possible. 

Sludge is added to each tank daily. In adding sludge, considera- 
tion is given to the quantity of ripe sludge in the tanks so that the 
quantity of fresh solids added is not too great in proportion to the 
quantity of digested sludge. At first we added approximately 2 per 
cent of fresh solids to digested sludge on the basis of organic matter 
but we have since increased this to as much as 6 per cent. The sludge 
admitted to the tanks has previously been concentrated by adding con- 
centrated primary sludge to concentrated activated sludge, which may 
have as much as 2 per cent solids. I believe that the mixing of these 
two sludges and allowing them to stand for a time is of advantage not 
only in concentrating solids but also in adjusting the organisms so that 
the aerobic organisms are reduced and anaerobic action started. 
Whereas we formerly added as much as 6,000 cu. ft. of sludge per day 
to the digestion tanks we now add only 1,600 cu. ft. of the concentrated 
sludge. The advantages of reducing the quantity of sludge added to 
the tanks and consequently reducing the quantity of supernatant liquor 
returned to the treatment process and the quantity of heat required to 
maintain the desired temperature in the digestion tanks are obvious. 

Hydrated lime is added to the sludge discharged into the digestion 
tanks. Three hundred to four hundred pounds of lime are used to 
1,600 cu. ft. of 2.96 per cent sludge. This procedure, together with the 
turning over and liming of each tank every eight weeks, has kept our 
pH value very steady, 7.1 to 7.3 for the last seven years. I have found 
it better to add lime to the sludge as it is pumped to the tanks rather 
than to try to adjust the pH of the contents of an entire tank after the 
sludge has gotten out of control. While many engineers and operators 
maintain that it is not necessary to add lime to a digestion tank after 
the proper pH has been obtained I have found that at Rockville Centre 
the addition of lime is advantageous. Possibly with larger digestion 
capacity it would not be necessary to add lime. We turn over a tank 
at least onee every eight weeks during the winter months. This is done 
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by pumping sludge out of a unit and returning the same sludge to the 
unit. While this is being done 500 pounds of lime is added to 60,000 
gallons, of which approximately 50 per cent is sludge. This is not 
done during the period from May to November. 

When pumping sludge to the tanks equal amounts are pumped to 
each tank. The quantity of seeded sludge in the tanks is known and 
the amount added is adjusted so that the rate of application of fresh 
sludge is 2 to 5 per cent, and at present more than 5 per cent, of the 
amount of seeded sludge. This is based on organic matter in the 
sludge. At present only about 50 per cent of the tank capacity is made 
up of sludge and the remainder is supernatant liquor. We have found 
it best to have the sludge inlet pipe at its lowest position and the super- 
natant liquor pipe at its highest position. Sludge is withdrawn uni- 
formly throughout the year, twice monthly. Withdrawals are con- 
trolled by the depth of sludge in the tank. Care is taken to leave nine 
feet of sludge in the tank at all times to maintain the sludge balance. 

The temperature of the sludge in the digestion tanks has been main- 
tained in winter at a minimum of 68 deg. F. In summer the tempera- 
ture rises to 85 to 90 degrees. The average annual temperature is 
about 78 degrees. 

The quantity of sludge discharged to the digestion tanks is known 
with considerable accuracy. Sludge from the primary and secondary 
tanks is allowed to concentrate in a chamber and 1,600 cu. ft. of this 
concentrated sludge is added to the tanks each day. This amount is 
determined by the depth of sludge drawn from the concentration tank 
so it is therefore an exact volume. The per cent solids of this sludge 
is determined daily so from these results the weight of dry solids ad- 
mitted to the digestion tanks may be computed. The average of all 
the determinations for the year 1936 show that 1,530 pounds of dry 
solids per million gallons of sewage were discharged to the digestion 
tanks. 

The amount of dry solids may also be computed from the suspended 
solids removed by treatment, as follows: 


ME NMNIREO oo. os Sis da ho oe a 214 p.p.m. suspended solids 





Primary effluent.......... ne eee emer. | |. 
Removed by primary tanks................. 102 p.p.m. suspended solids = 850 lbs. per m.g. 
Removed by secondary tanks- 

Primary tank effluent................... 112 p.p.m. suspended solids 

Secondary tank effluent................. 42 “ i: rs 
Removed....................+.2++++++++..+. %0 p.p.m. suspended solids = 585 lbs. per m.g. 





1,435 lbs. per m.g. 


This checks closely with the figures of 1,530 pounds per million gallons 
computed from the actual quantity and solids content of sludge. 

There is an additional removal of solids by the clarifying filters 
which reduce the suspended solids from 42 p.p.m. in the secondary tank 
effluent to 11 p.p.m. in the filter effluent. This reduction of 31 p.p.m., 
or 258 pounds per million gallons, is disposed of as filter cake and does 
not go to the digestion tanks. 
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As frequent determinations are made of the volatile and ash con- 
tent of the digested and undigested sludge, the pounds of sludge di- 
The 1,580 pounds per m.g. of undigested 


gested may be computed. 
sludge averaged 30.5 per cent ash, equal to 467 pounds per m.g. 
this amount of ash the total weight of digested sludge with 49.75 per 
The reduction of solids by digestion 


cent ash is 939 pounds per m.g. 
was therefore— 


1530 lbs. per m.g. undigested sludge 
939 lbs. per m.g. digested sludge 





591 Ibs. per mg. digested 


Using 


If the 939 pounds per m.g. of digested sludge is dried to 40.92 per cent 
solids, the average for the year, the volume would approximate 36 
cu. ft. of dried sludge per m.g. The average reported quantity for the 
year based on actual measurements of dried sludge was 31 cu. ft. per 


m.g. 


drawn 


from tanks. 


averaged 3.5 per cent, with volatile content of 50 to 52 per cent. 


Table I gives data on the solids content of sludge added to and 
The solids content of the sludge in the tanks 






































TaBLeE I.—Sludge Record—1936 
Undigested Sludge Digested Sludge Dried Sludge 
Month ERG | , | ? : | . | ‘ . | 
Per Cent | Per Cent | Per Cent | Per Cent Per Cent | Per Cent | Per Cent | Per Cent 
| Solids | Vol. | Ash Solids | Vol. Ash Solids Ash 
ALONE PE UES: URES Pa een ee SRR Hees 

int ee Oe Ol ee 3.3 55 15 20 49 
re a 66 34 3.8 54 16 25 52 
March. 3.6 66 34 3.1 48 52 23 58 
April... 1.3 73 27 3 47 3 54 43 
May..... | 3.6 72 28 3.9 54 46 39 54 
Sone sns.secs| 26 68 32 4.9 53 47 54 51 
ee 66 34 5.7 18 52 55 53 
Ate docks, 222 68 32 5.7 48 52 57 55 
eee | 3.6 72 28 5.3 42 58 79 55 

Oct. oso 3 71 29 5.3 48 52 44 57 
ne 75 25 4.5 52 48 23 49 
Dec..........| 2.9 69 31 4.2 54 46 18 59 

Ee: See a Seon ee Eee eeeees Nees kee He@rer-s 
Average 296 | 69.5 30.5 4.42 | 50.25 | 49.75 40.92 52.93 














It is generally supposed that supernatant liquor from a sludge diges- 
tion tank is very foul and high in B.O.D. By the method of operation 
described, the B.O.D. of the supernatant liquor at Rockville Centre has 
remained fairly uniform, ranging from 200 to 1,200 p.p.m. B.O.D. The 
suspended solids content averaged 850 p.p.m. As the quantity of 
supernatant liquor is small, averaging only 1,600 cu. ft. or 12,800 gallons 
per day, the load on the plant from this source is not serious. It is 
my opinion that with careful control of the sludge digestion process, 
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rather than by haphazard ‘methods, a good supernatant and well di- 
gested sludge may be efficiently produced. 


InspEcTION oF SLupGE DicEstion Tanks 

After seven years of operation, the writer thought it wise to inspect 
the digestion tanks; in fact, it should have been done much sooner. It 
was desired to know what was happening to the concrete, iron work, 
and piping in the tank, and what the sludge would look like as a whole. 
We had previously inspected the gas lines and found no indication of 
deterioration in strength found at some other plants. The procedure 
was as follows: 


The gas was cut off from the gasometer and let out to the atmos- 
phere. The tank was pumped full, thereby completely forcing out all 
gas. <A part of the sludge was then drawn off to another tank to be 
used again when the tank was placed in operation. After this drawing, 
the remainder of the sludge was:pumped to the sludge drying beds. 
As the sludge level was lowered, tests were made of the strength of the 
gas in the tank by a flame testing lamp. Apparently, gas was not very 
concentrated, for no indications of inflammability were noticed. <A 
fan was installed to expell all vapor and gasses from the tank. During 
the inspection of the tank, the safety lamp was used to check the in- 
flammability of the gas. A regular Davis gas mask with canister, 
recommended for sludge gas, was used at first (Fig. 4) but as the vapor 





Fic. 4.—Instruments used in tank inspection. Safety harness with non-sparking metal, flash- 
light passed by Underwriters, safety lamp and tubing and gas masks. 


from the warm sludge and gasses disappeared, a small nose type of 
cartridge respirator was used (Fig. 4). This gave better vision for 
inspection. A hose mask with hose extending outside the tank would 
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be better than the canister type. If hose lengths of 50 ft. or more are 
necessary, it is advisable to use a pump. If it is impractical to venti- 
late the tank thoroughly, the hose mask should certainly be used. 

As the tank contents were lowered, a crust or scum was noticed 
which was found to be about 10 inches thick. This was made up of 
very light material, a mixture containing all sorts of fibrous, cellulose 
material, seeds, and similar matter. A sample taken showed this seum 
to contain 48 per cent volatile content and 52 per cent ash. Consid- 
ering the fact that the tank had not been completely cleaned for eight 
years, we concluded that while a certain amount of material floats, it is 
also continuously breaking down and digesting, or the accumulation of 
scum would have stopped the operation of the tank. At our plant, we 
find we are handling a very large amount of concentrated organic 
matter, practically garbage in appearance and makeup, that collects 
in our pump station wet well. The wet wells are cleaned daily, and this 
material is flushed into the pumps. The load is very noticeable when 
it reaches the plant, showing 60 to 80 ¢.c. per liter, with average of 30 c.c. 
per liter in an Imhoff cone. This high concentration lasts for about 
three hours daily. 

The moving of all this concentrated material daily from the pump- 
ing station to the plant proves that it can be readily transported, and 
settling tests also show that most of it settles rapidly. When the raw 
sewage with settleable solids of '!40 to 80 ¢.c. per liter is being added to 
the primary tanks, the effluent shows only 5.7 ¢.c. per liter. This ma- 
terial that settles in the primary tanks of course goes to the digestion 
tanks ‘daily with the other sludge. The inspection proved that this 
material digested in the tanks. During the cleaning some difficulty 
was experienced with the sludge pump when this fibrous material got 
under the check valves, causing them to unseat. In drawing off the 
sludge, as the contents reached the bottom, the supernatant liquor and 
lighter material having run off first the heavier sludge and this fibrous 
floating layer had to be broken up. As this was broken up and pumped 
off, a mass of heavy material was found to have formed a perfect filler 
in this corner under the inlet pipe. Inspection showed that it consisted 
mostly of inert material, grit, sand, non-organic material with ash con- 
tent of 78 per cent. This grit was not pumped out but was removed by 
buckets. 

The inspection of the tank showed the inside piping in surprisingly 
good condition (Fig. 5). The conerete was in very good condition, 
with no sign of disintegration. The pipes had not corroded and bolts 
fastening the supports for the heating coils were as firm as when placed. 
Chains, steps and other iron parts were in very good condition. There 
was about %6 in. of scale on the heating pipes in some places. This 
scale appeared to be of iron oxide when first noticed but was found to 
be made ‘up largely of lime. In spite of this scale no appreciable reduc- 
tion in the effectiveness of the coils for heating or insulation action of 
the seale has been noticed. The tank was left out of service and after 
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Fig. 5.—Condition of interior of tank. 


drying out over night the scale came off very easily. Even though 
conditions in the tanks were found to be very good, the writer feels that 
good operation calls for an inspection of a tank of this type at least 
once every three years. By doing this, long tie-ups of tanks can be 
avoided. Only three days were required to clean, inspect and put the 
tank back into service. If done more frequently the time required for 
cleaning would be greatly reduced. 


SUMMARY 


An inspection.of a fixed-cover sludge digestion tank after more than 
eight years of continuous service showed concrete and iron work inside 
the tank to be in good condition. Some lime scale on heating pipes was 
easily removed. 

The small quantity of scum found showed that good digestion had 
been obtained throughout the tank. In operating sludge digestion 
tanks, careful adjustment of the ratio of fresh solids to digested sludge, 
control of pH, and regular systematic operation will insure good re- 
sults. Allowing a mass to accumulate in a tank for a large community 
will only lead to the old well known sayings—‘‘Tanks are foaming,’’ 
‘rolling over,’’ ‘‘bacterial action is bad,’’ ‘‘more tanks are needed,’’ 
ete. Such conditions cause the process of sludge digestion to lose 
prestige. 























SLUDGE DRYING ON OPEN AND COVERED DRYING 
BEDS * 


By Lewis V. CarPeNnTER 


Prof. of Sanitary Engineering, N. Y. University 


Drying of sludge on sand beds has been practiced in the United 
States since the first Cameron septic tank was constructed. Later the 
open beds were found to be limited in capacity in the northern climates 
and special types of glass covers were adopted so that the beds would be 
protected from the weather. Various State Departments of Health set 
up regulations governing the area of sand drying bed required for open 
beds and in most cases they require one-half that area for glass-covered 
beds. The purpose of this paper is to present data collected from vari- 
ous Long Island plants where sludge is dried on glass-covered beds, 
and to describe experiments on specially constructed beds for filtration 
of sludge. 

Periodic visits were made to four sewage treatment plants on Long 
Island and, in cooperation with the operator, samples of sludge were 
collected from the drying beds at the time of pouring of sludge and 
each day thereafter until the sludge was removed from the bed. These 
samples were collected in 140 ¢.c. glass-stoppered bottles and taken to 
the laboratories of New York University for analysis. Care was taken 
to free the sample from adhering particles of sand. At the time the 
sludge was poured on the bed, a 2-liter sample was collected for com- 
plete analysis. 

The analysis of the sludge, as poured, included alkalinity, pH, 
specific gravity, moisture content, and solids (fixed and volatile). The 
drainability of wet sludge was determined by the method of Babbitt 
and Schlenz (1). A volume of 615 ¢.c. of standard Ottawa sand was 
heated to drive off all moisture and then cooled. The sand was placed 
in a sieve with thirty meshes to the inch. This volume of sand made a 
layer about 34 in. deep. A one-liter sample of the sludge was placed 
on the sand and the amount of liquor that drained off was measured. 

The drying of sludge can be broken down into two processes, drain- 
age and evaporation. The first of these is a sedimentation process in- 
volving the hydrodynamics of mixed phases flowing through a porous 
medium. The fluid is composed of liquid and solid suspension phases 
and the porosity of the medium changes as the flow continues. The 
hydromotive force is the difference between the gravitational head and 
the purely molecular forces involved in capillary action. As sedi- 
mentation proceeds the size of the pores through which the flow takes 
place decreases, and the effect of molecular forces increases. At the 
same time viscous resistance increases so that the rate of flow drops 
off rapidly as drainage proceeds. The drainage phase can be improved 
by using a shallower sand bed and providing free under-drainage. It 

* Presented at the Long Island Section Meeting, Freeport, L. I., March 25, 1938. 
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has been suggested that possibly air bubbled up through the sludge 
would form a temporary liquid filament through which the rate of flow 
would be increased. 

The evaporation process can be broken down into two parts, the 
actual evaporation from the bed and the removal of the moist air. The 
evaporation itself depends on two factors, the heat balance for the bed 
as a whole and the relative vapor densities corresponding to saturation 
at the temperature of the bed and to that layer of air above the bed. 
Thermal equilibrium will be established when the internal temperature 
has risen to the point that the heat losses plus the heat required for 
evaporation equals the heat input. The heat input at any instant de- 
pends on the solar constant, the area of the bed, the angle of the sun 
with the bed and the various absorption factors due to atmospheric 
conditions and the nature of the glass used in the covered bed. The 
heat losses will be due to radiation, conduction and convection. 

A series of tests in the laboratory indicated that with free under- 
drainage and a shallow sand bed, the efficiency of drainage could be 
greatly increased. Laboratory tests on drainability using 1 inch of 
sand (passing 14 and retained on 28) showed the following: 


Initial Drainability 
nitial | 12 Hrs. Re- 


Town Treatment Moisture, | é 

| Per Cent duction, 

| | Per Cent 
Muntinpton........... Heated separate digestion 92.9 | 8 
Rockville Centre... . Digested activated sludge 94.0 1: 
Great Neck. .......... = Imhoff | 95.8 17 
Port Washington........... Imhoff | 96.2 | 22 





The depth of sludge on the sand, temperature, and relative humidity 
were the same in all cases. These data indicate that the higher the 
initial water content of the sludge, the larger percentage of water is 
removed by draining. If the sludge is properly digested and of a low 
initial water content, the drainability is not as important as with an 
improperly digested sludge. 

The laboratory drainability test was made on all samples of wet 
sludge. Figure 1 shows the relative rates of draining in per cent of 
total drainable liquor. The drainability test results indicated that a 
greater reduction in moisture could be accomplished in a much shorter 
time if the sludge beds were constructed so that they would have bot- 
tom ventilation. Three filters, each with 4 sq. ft. area, were con- 
structed (Figure 2). They were set 12 in. from the floor and the sand 
was placed on a 30-mesh brass screen which was supported on a 14 in. 
galvanized netting. The sand from the large filter was used in the 
small filters. The small filters were placed on the floor of the glass 
covered sludge drying beds at Port Washington. One filter was placed 
in the center of the bed and one at each end. 
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Fre... 
DRAINABILITY OF SLUDGE 
SHOWING 
DRAINABLE LIQUOR 


|, ROCKVILLE CENTER (ACTIV.) 
2.GREAT NECK (IMHOFF) 
3. PT. WASHINGTON (IMHOFF) 
4.HUNTINGTON (SEP. DIG.) 





PER CENT DRA 


TIME IN MINUTES 


ig; 1: 





Fig. 2.—Experimental filter boxes. 
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large bed. 


of six tests. 


wet 


cussed later 





4 in. then the depth of sand was cut to 
taken daily from the box and from the bed in the immediate vicinity 
of the boxes. 
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Sludge was poured in the filter boxes to the same depth as on the 
For the first three runs, the depth of sand in the boxes was 
Samples of sludge were 






























































These experiments indicate: 


sludge of the drying bed. 
of the filter was usually saturated with moisture. 
indicate that the filters would have been more efficient if the filters had 
been set on a dry rather than a wet surface. 

3. This type of filter does not appear economically feasible with the 
existing glass-covered beds but could be easily 


in the paper. 


















Total volume, cu. 
Specific gravity 
pH.. ane 
Moisture | per cont. 
Volatile solids per 
sn jniesensgage 





ft. 


ent. 


tats solids, Ibs. sq. ft. year. . 


TABLE [ 


Great Neck 


Port Washington| 


Sewer I istrict 


} . 
Sludge | 


1. When a sand depth of 2 in. is used on the filter, 
will dry the same depth of sludge in one-half the time necessary with 
ordinary beds. 

2. In all of these experiments, the filters were placed on top of the 
The air immediately below the bottom 
Laboratory 


Figure 3 shows the average determinations for 
100) 
ric. 3 
| COMPARISON OF 
wh FILTER AND 
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| as ape | Sludge | Sean | Sludge be ae age | Sigc®*| Sludge as| Sludge 
ite moved Ps lied moved rac to Beds | Removed 
8,899] 2,586] 22,506| 6, 624| 17,700] 7,050/ 4,553 | 1,899 
1.029} 1.079} 1.024) 1.054] 1.05 | ae 
7.3 | 7.1 | 7.6 | 74 | 
..|95.5 | 67.7 |95.3 | 74.00 }91.6 | 73.0 | 94.6 | 75.5 
55.6 |52.6 | 64.9 (59.4 | 51.4 | 49.9 | 57.6 | 56.6 
8.0 | 24 | 7.2 | 29 |10 | 43] 5.0 | 2.0 
— |28 | 6.75 1123 | 63 
21.5 | 22.7 | 43.3 | 19.0 | 
Imhoff Imhoff Heated Activated sludge 


separate 
sludge 


digested in 








heated tanks 
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One of the difficulties in comparing actual time necessary to dry 
sludge is the various operators’ ideas as to when sludge should be re- 
moved from the beds. Four plants were included in this study. One 
plant would not remove sludge from the beds until the moisture content 
was about 65 per cent, with about 30 days drying time, while another 
plant removed the sludge with a moisture content of around 75 per cent 
and a drying time of less than 10 days. The general characteristics of 
sludge drying are shown for the four plants in Table I. The plants 
of the Great Neck Sewer District and Port Washington have Inhoff 
tanks, and the moisture content of the sludge is about 95 per cent. 
Great Neck had an average drying time of 28 days and Port Washing- 
ton 6.75 days while the load of solids, lb. per sq. ft. per year, was 21.5 


and 22.7. 


Great NECK 


The Great Neck sewage treatment plant was rebuilt in 1929. It 
serves 6500 persons of the Great Neck Sewer District, which has a 
separate sewerage system with an. average flow of 1.0 m.g.d. The 
sewage is pumped and flows through hand-cleaned racks with parallel 
bars spaced 2 in. on centers. The sewage is pre-chlorinated and then 
flows through two covered Imhoff tanks which operate in parallel, with 
an average detention period of 1.0 hour. The depth of the tanks from 
flow-line to sump is 32 ft. and the gas is allowed to waste through the 
eas vents. 

Tasie IT.—Sludce Drying at Great Neck Sewer District 





l l l 
Days Per Cent | Days | Per Cent} Days | Per Cent} Days | Per Cent Days | Per Cent 











on Mois- on Mois- on | Mois- on | Mois- | on Mois- 
Bed ture Bed ture | Bed ture Bed | ture | Bed ture 
0 95.0 0 9.8 | O | 961 | O | 971 | G 95.4 
3 82.4 $)} 2a | € |} 82 . |) Se fa 78.2 
6 78.3 6 es) 9 1} eee] 7 -) ee | 8 74.6 
9 77.2 + | 2 | 7) -ehe 10 | 802 | 11 63.3 
12 79.4 a | sit 14 | 800 | 13 | 742 | 

15 77.9 6 | 735 | 8 | 2 | 1 | 8 | 

19 72.6 | 19 | 766 | 21 | 784 | | 

22 70.4 22 75.3 | 28 | 77.9 

26 | 68.0 | 26 | 728 | 32 | 724 | 

30 65.9 | 29 | 696 | 36 | 69.1 | | | 

33 65.9 | 40 | 670 | 39 | 69.0 | | | 

Ave. temp. | 43.5°F.| 29.9°F. | 29.9° F. | 47.2° F. | 78.0° F. 


The sludge is pumped from the Imhoff tanks by air-lift to either of 
two glass-covered beds or the open beds. The one covered bed has 
2000 and the other 1200 sq. ft. of sand area. The one open bed has 2346 
and the other 1551 sq. ft. of sand area. The underdrain system con- 
sists of 5-in. terra cotta drain tile covered with 15 in. of gravel and 6 
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in. of sand “ an effective size of 0.285 mm., and a uniformity co- 
efficient of 2.3. 


Fic. 4.—Sludge on bed for 24 days at Great Neck Sewer District, Long Island. 


When the average outside temperature was 78° F. the sludge was 
dried to 63.3 — cent moisture in 11 days while when the average tem- 
perature was 29.9° F. it was dried to 69.0 per cent moisture and re- 
moved from the bed partially frozen. 

The data show the following: 


Great Neck, Long Island 





Area of glass covered sand beds... ..............0. 0c ee eeee sea lbats ae es SOOO Salt: 
Contributing population......... Be ae eon Se eT ee et et es ers Art 
Area of bed (sq. ft. per capita)... .... ae fe Lt See Reet bans rete ee 
Bed No. 1—area 1200 sq. ft. empty............ oe be 39. 10%, over 8- 3-month period 
Bed No. 2—area 2000 sq. ft. empty . .....53.0% over 8-month period 
Lb. dry solids per sq. ft. of bed dried during S-encnth pe aed. ee rey es: 
Lb. dry solids per capita per period . 2 SAO EL RCL eR en IC ere ne ROE ane Rea oe vl 


If beds were utilized to their full capacity, 98 000 Ib. of dey solide could his een od. 


Port Wasuineton, Lone IsLtanp 


The Port Washington sewage treatment plant serves a population 
of 10,000 (1930 census), using a separate system with an average daily 
flow of 750,000 gallons. The sewage is pumped and flows through hand- 
cleaned racks with parallel bars spaced 1% in. on centers. The sewage 
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Fig. 5.—Sludge on bed 7 days at Port Washington, L. I. Note the three experimental filters. 
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is pre-chlorinated and then flows through two covered Imhoff tanks 
which operate in parallel, with an average detention period of 2 hours. 
The depth of the tanks from the flow line to sump is 21 ft. and the gas 
is allowed to waste through the gas vents. 

The sludge is pumped from the tanks by air-lift pumps to one of 
two glass-covered sludge drying beds. One bed has 3220 and the other 
2230 sq. ft. of sand area. The underdrain system consists of 5 in. terra 
cotta drain tile covered with 9 in. of graded gravel and 9 in. of sand 
with an effective size of 0.235 mm. and a uniformity coefficient of 3.7 

Table IIT shows some typical data collected on drying. 





2 Drying at Port Washington 


Days Per Cent | Days | Per Cent | Days | Per Cent| Days | Per Cent| Days | Per Cent 











on | Mois- | on Mois- | on Mois- | on | Mois- | on Mois- 
Bed | ture | Bed | ture | Bed ture | Bed | ture | Bed ture 
o | 98 | 0 | 950 a 0 95.4 0 | 947 | 0 96.3 
3 | §1.6 3 | 84.5 | 3 85.0 | 3 | 84.2 | 3 83.4 
6 s1.4 | 8 | 697 | 6 | 816 | 6 82.2 | 6 82.4 
10 75.4 | | | 10 76.3 | 9 (als | 9 78.4 
Ae Ghee Bae 1° eae or anes | 
Ave. temp. | 10:3° FR. 7 dl Oe | 54.4° F. | 82:3° F. 


Port Washington, L. I. 


Aven iat wines Covered Sane Weds... 5 6a ete bd oh Rh nego eda Behe is ees ts ORO Beate 
COHEN ND TEDERIIEGTDO PLO 2 ihc oreo eosnck Gere Sie in. cha a ae Sto IAA. Oecd Sew Byala ree oe arate 10,000 
a per capita). . Ses ete oa a eas: BIY Naberia suis aaa oe re ew tase Sea Ronee areas CNRS 
3ed No. 1—area 2230 sq. ft. capt. atte tence Pe yea tS tir kee lta gee Re 
i ge an 3220 sq. ft. empty...... : PP ste ee bet ake Stake ran arses tacok se Oe 
Lb. dry solids per sq. ft. of bed dried during y year. 2200 
Lb. dry solids per capita; actually dried. oe: Lis Ste cea ve rasti gue yoy ola cet Moboes Ste one em ame Ee 


If beds were utilized to full capacity, 727, 000 Ibs. of dry solids could be dried per year. 


Huntineton, L. I. 


The plant at Huntington was built in 1933. It serves 10,000 per- 
sons. The sewerage system is separate, with an average daily flow of 
750,000 gallons. The sewage is pumped and flows through hand- 
cleaned racks with parallel bars spaced on 2 in. centers. The sewage 
is pre-chlorinated (during summer months) and flows to sedimentation 
tanks which have 11% hours detention period, based on the average 
flow. The sludge is removed daily by a Link Belt sludge collector and 
pumped to a heated digestion tank which is maintained at a tempera- 
ture of 85° KF. The digester is equipped with a floating cover for gas 
collection, the gas being utilized for heating the digester and some of 
the buildings. The sludge flows by gravity from the digester to the 
elass-covered sludge drying beds. There is one large cover over four 
separate drying beds, each with 1200 sq. ft. of sand area. The under- 
drain consists of 4-in. open jointed tile laterals and a 6-in. tile manifold 
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Fic. 6.—Sludge on bed 21 days at Huntington, L. I., June 24, 1936. 


covered with 6 in. of graded gravel and 12 in. of sand with an effective 
size of 0.313 mm. and a uniformity coefficient of 2.85. 
Data on typical drying records are shown in Table IV. 


TasBLe IV.—Sludge Drying at Huntington 














Days Per Cent | Days | Per Cent} Days |PerCent| Days | Per Cent | Days | Per Cent 
on Mois- | on | Mois- | on Mois- | on | Mois- | on | Mois- 
Bed ture | Bed ture Bed ture | Bed ture | Bed | ture 
0 921 | 0 | 929 0 92.4 0 | 905 | 0 | 89.8 
3 799 | 3 | 826 82.4 1 80.6 | 1 | 79.2 
6 76.8 | 6 80.5 2 81.4 2 79.2 | 2 | 79.2 
9 745 | 9 | 798 ; 81.6 3 | 752 | 3 | 784 
12 ee ae 78.8 6 73.8 6 | 749 | 4 | 
15 70H | 15 78.3 9 oy ae 9 | 68.5 5 74.5 
| 21 78.0 |) 4s 68.5 6 | 74.2 
| —- | ——|——__— 
Ave. temp. | 61.0° F. | 35.2° F. 55.1° F. 76.5° F. 78.5° I 
Huntington, L. I. 
Area of glass covered sand beds yi mie eas hie Pe Pies Pe ee 4800 sq. ft. 
Contributing population. .... . ae Ae Pr Seco ne i ee CREM 10,000 
Area of bed (sq. ft. per capita). . . sere ore Br ee ee TEE eR ER A SS is 
Bed empty . A sais Sh eS TS aes poe oi Gow ao OT pe eee 
Lb. dry valle ou sq. ft. of bed dried ducing the WEAR Sioa iernig k Reo Ae tea tee oe EO 
SSE EEE OE EMNNIO ote ce ks) 5 aris ite Bina ad Re wB RE ae aU Sow aeawks ss SeO 


If beds were utilized to capacity 525,000 Ibs. of dry solids could be dried per year. 


RockviLLE CENTRE 


The Rockville Centre (population 20,000) sewage treatment plant 
was built in 1929 and serves that town, which has a separate sewerage 
system with an average daily flow of 1,500,000 gallons. The sewage 
is pumped to the primary settling tanks, which are equipped with me- 
chanical sludge collectors and the detention period is 1 hour. The 
clarified sewage flows to the aeration tanks where it is aerated 5 to 6 
hours. The secondary settling tanks provide a detention period of 1 
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hour. The sludge from the primary and secondary tanks is pumped 
to heated digesters. The sludge from the digesters is pumped to one 
of the sand beds, of which there are seven, all under one large glass 
cover. Each bed has 2850 sq. ft. of sand area. The underdrain system 
consists of 6-in. tile drains covered with 9 in. of graded gravel and 12 
in. of sand with an effective size of .313 mm. and a uniformity coef- 
ficient of 2.85. 


TABLE V.—Sludge Drying at Rockville Centre 














Days Per Cent Days Per Cent Days | Per Cent | Days | Per Cent 
on Bed Moisture on Bed Moisture on Bed | Moisture | on Bed | Moisture 
0 | 943 | o | 939 | 0 95.7 0 | 94.6 
1 | 84.7 2 87.6 | 1 S6i2- 1 | 92.8 

| 3 87.0 2 16 | 2 | oe 
3 | 70.8 | { 77.4 79.9 3 CO] 86.4 
4 | mo | 5 s0.2 | 4 77.2 1 | 34 
5 | 68.5 ¢ «} “Fee: | 5 750 | 5 | 853 
6 | 67.2 | | | | € (1. 7a 

7  ~| 664 | | | 

o = ! 

Ave. temp. 58° F. | 58.5° F. 45.3° F. | 41.3° F 





Fig. 7.—Covered sludge bed at Rockville Centre, L. I., August, 1936. 


Data were collected for a period of several months and typical dry- 
ing records are given in Table V. Enough data were not collected to 
make the summaries as made for the other three plants. 

The experimental data indicate that the beds at the three Long 
Island plants could be used for a much larger population than their 
designed value of approximately 0.5 sq. ft. of bed area per capita. If 
the sludge is removed from the beds when the moisture content is near 
75 per cent it would be possible to dry sludge satisfactorily at these 
plants with an area of not over 0.25 sq. ft. of glass-covered beds per 
capita. It is interesting to note that the beds were not in use 50 per 
cent of the time. 
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TasLe VI.—Sludge Drying at Typical Plants 

















Pounds of Dry Solids Pounds of Dry Solids 
Plant per Sq. Ft. of Bed/Yr. per Capita per Year 
iamtsnrbon. 4500., N. Yo... a. acc cece ccs ABS 20.8 
Port Washington, N. Y. Se a nnlon aris ke ae PLAY | 12.4 
Great Neck, N. Y..... Ae meee. | kha fe a 
RCC C7 ae ere 16.9 
Dayton, Ohio..... Le te La eee isto ee 21.8 
Marion, Ohio... ....:..... oe kG sss Oe 19.2 
Bayria, Ohio. ........... ts SR Gia a IR 14.1 


*6 months period. 
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JACKSON, MICHIGAN, SEWAGE PLANT OPERATION 


By R. B. Jackson ano R. A. GREENE 


Chief Operator, and Assistant Superintendent Chemist 


The Jackson, Michigan, plant was placed in partial operation in 
December, 1936, and total treatment was started in March, 1937. It 
was designed by the Fargo Engineering Company of Jackson, and 
George B. Gascoigne and Associates of Cleveland and New York City. 

The city is served by combined sewers so that the flow reaching the 
plant is subject to extreme fluctuations, varying from 2 to 12 m.g.d., 
with hourly fluctuations between 2 and 30 m.g.d. 

When the plant was placed in service, only primary treatment was 
practiced the first month; beginning early in February, 1937, the 
secondary process was gradually started, and by the first of May, the 
entire plant was in active operation. The first digested sludge was 
drawn to the glass covered sludge beds late in June. 

An aerial view of the plant is shown in Fig. 1 on page 514. 

Some of the features of operation are discussed in the following 
papers. 





BREAKDOWN OF POWER REQUIREMENTS 


By R. B. Jackson, Chief Operator 


This report is for the period of July, 1937, to February, 1938. It 
is one of our progress reports and it is intended to continue this in- 
vestigation until we are able to operate our equipment most efficiently. 
The policy that has been established at Jackson is that the plant has 
been built to treat sewage and it should be operated as efficiently as 
possible, but treatment should not be sacrificed for economy. 

The data shown in Table I are based on the daily readings of meters 
that measure the electric power to the various mechanical devices and 
the flow of sewage, air and sludge to the different tanks. The plant 
has a connected load of 870 horsepower, but only requires between 250 
to 850 H.P. daily. The average daily flow has been 6.4 m.g.d. or about 
one-half of the plant’s capacity. The average monthly amount of 
power used throughout the plant is 133,200 kwh., or 693 kwh. per million 
vallons of sewage treated. The electrical energy used for primary 
treatment, which includes all of the lighting, the raw and excess sludge 
pumping is 55 kwh. per million gallons. The secondary part of the 
plant requires 638 kwh. per million gallons. This figure includes the 
pumping of the settled sewage and the return sludge against a 11 ft. 
head. The data show that 92 per cent of the power is used for second- 
ary treatment. The electrical energy which is used for the secondary 
part of the plant is consumed by three 15 HP. variable speed motors 
which pump the settled sewage into the aeration tanks; by a 150 HP. 
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TABLE I.—Operating Records and Comparison of Power Units, Jackson Sewage Treatment Plant 


















































Suspended ee. 
Solids &De B.O.D. Blowers and Aerators 
P.p.m. eee 
Raw | Cu: | Aera-| Re. = Total 
: Sew- Ft. | tion turn baby 
Period “age Air | Peri- Sl Li eae Lb. Lb. 
Med.| Pe} od |yteg. oT Mtg. | B-O.D. | kwh. |B-0-D.| yp 
Gal.| Hr. Sea Set- | p. per | “> Removed) “.0 Re- : 
Raw) Final} Raw tled Final| Day per Day per moved oe 
Re- ; by . Day per M.g. 
ayowee Aeration Kwh. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1937 


Aug...| 7.40/0.8] 8.1] 0.73 | 161) 15 | 88] 48] 0.8 | 5378 | 37.6} 2910 | 4153 | 0.71 | 31.1 
Sept. 6.86 | 0.7 | 8.7} 0.74 | 187] 13 | 123} 70} 1.9 | 6923 | 36.4] 3893 | 3453 | 1.13 | 27.9 
Oct...} 6.31/0.8} 9.2] 0.85 | 200} 16 | 127) 77| 2.9 | 6526 | 37.5} 3896 | 3598 | 1.08 | 31.4 
Nov...| 5.50} 0.8 | 10.5 | 0.78 | 230) 15 | 154] 102} 2.7 | 6934] 41.6] 4551 | 3398 | 1.34 | 34.2 
Dec...| 5.02 | 0.8 | 11.4! 0.76 | 212) 14 | 151} 85} 2.9 | 6196} 41.7] 3435 | 3171 | 1.08 | 34.9 

1938 


















































Jan...} 5.93]/0.9| 9.5] 1.03 | 211) 17 | 152} 97} 3.0 | 7393 | 37.9| 3643 | 2983 | 1.22 | 31.0 
Feb.5.| 11.75|0.5] 5.0} 1.49 | 318} 15 | 96] 61] 4.0 | 9012 | 22.7} 5581 | 3140*| 1.78 | 14.8 
Feb.6.| 9.41/0.7| 6.0} 1.55 | 124] 12 | 75] 66) 4.0 | 5570 | 21.7] 4865 | 3100 | 1.57 | 18.6 
Feb.8.| 9.61] 0.6] 6.0} 1.36 | 176] 10 | 126} 94] 2.4 | 9898 | 27.5} 7334 | 3180 | 2.31 | 18.4 
Feb.9.| -8.87]0.7| 6.5] 1.26 | 100} 9 | 72} 68] 2.2 | 5170/ 22.5] 4863 | 3700} 1.31 | 23.2 


| 








__ * Aerators run in reverse. On Feb. 6 and 9, supernatant was added to the settled sewage. 
N.B. Blower size use, 150 HP. 


motor which is the motive power for a 3,000 cu. ft. per min. turbo- 
blower; eight 744 HP. motors that rotate aerators of the paddle wheel 
type; also a 74% HP. variable-speed motor for the return sludge. All 
of these motors are in service for 24 hours each day. 

Based on the average daily flow, the amount of power consumed is 
as follows: 


The settled sewage pumps use 62 kwh. per mg. 
The return sludge pump uses 10 kwh. per m.g. 
The aerator motors (8) use 127 kwh. per m.g. 
The blower, 150 HP., uses 489 kwh. per m.g. 


Pumps 
The settled sewage pumps are three in number and have a combined 
capacity of 18 m.g.d. or 6 m.g.d. each. They are controlled by a float 





1. Two grit chambers with 20 m.g.d. capacity. Screen house contains two comminutors. 

2. Three pre-settling tanks, 67 ft. by 31 ft. by 10 ft., with one-hour detention period. 

3. Well house and garage. 

4. Administration, laboratory and mechanical building; contains pumping and air 
equipment. 

5. Four aerating tanks, 240 ft. by 109 ft. by 15 ft., with aeration period of 414 hours. 

6. Operating gallery; contains meters and control valves. 

7. Four final settling tanks, 70 ft. diameter and 10 ft. deep, with two-hour detention 
period. 

8. Four separate sludge digestors, 50 ft. diameter and 22 ft. deep; total capacity 1.3 
million gallons; two floating and two fixed covers. 

9. Four covered sludge drying beds, area 7,600 sq. ft. each. 

10. The Grand River. 

11. The State Prison of southern Michigan. 
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that varies their pumping capacity with the flow. This float operates 
a master control that varies the speed of the pumps from 470 r.p.m. 
to 570 r.p.m., and by various combination of pumps and speeds, the 
rate of pumping is from 14 m.g.d. to 18 m.g.d. 

The two return sludge pumps are operated in a like manner, but at 
the present time only one pump is used to return activated sludge at 
the rate of 12 to 20 per cent of the flow. This pump will use from 60 
to 65 kwh. per million gallon of return sludge. 


BLOWERS 


The blower equipment at Jackson consists of two 4,500 eu. ft., three- 
stage, single-flow, centrifugal blowers driven by 250 HP., 440 volt 
motors through speed increasing gears, and one 3,000 eu. ft. ‘Vow er of 
the same type driven by a 150 HP. motor. The discharge pressure is 
7.2 lb per sq. in., and it is possible to operate one, two, or three blowers 
at the same time. The amount of the air to be pumped is governed by 
a hand-controlled butterfly valve at the intake of each blower. By 

various combinations of blowers it is possible to vary the a of 
air over a wide range. 

The blower has a constant speed motor but the power it will consume 
varies with the amount of free air that it compresses. The figure of 
439 kwh. per m.g. is based on using 0.8 cu. ft. of air per million gallons 
of sewage. When 0.6 cu. ft. is used, which is the lowest rate that has 
been tried, the blower will use 375 kwh. per m.g.; when 1.0 eu. ft. 
required a larger blower is put into service, which has a 250 HP. motor 
and will consume 550 kwh. per m.g. of sewage. This blower compari- 
son is based on the average daily flow of 6.4 million gallons. It is esti- 
mated that when the sewage flow increases to the plant’s designed 
‘apacity, or 11.25 m.g.d., the kwh. for 0.6 cu. ft. per gallon is 311; for 
0.8 eu. ft. two blowers or 400 HP. are put into service and 464 kwh. of 
power will be consumed; for 1.0 cu. ft. 554 kwh. will be required. The 
reason the power consumption is nearly the same for the present flow 
as estimated for the designed flow, is because of economies effected by 
the different combination of blowers that are required for the different 
amounts of air. 

AERATORS 


There are four aeration tanks, each 240 ft. long, 12.75 ft. wide and 
16.5 ft. deep with 114 ft. freeboard (Fig. 2). The first half of the tank 
has a row of aeration plates on the bottom close to one side. The last 
half of the tank has paddle aerators on a central horizontal shaft. As 
the spiral flow of the sewage is started by the plates in the first half 
of the tank, the aerators can be revolved with the spiral or against it. 
There are also some plates in the last half of the tanks that blow air 
against the spiral flow but their area is only one-fourth of the plates in 
the first half of the tanks. 

These tanks have been operated on the tapered aeration system; 
that is, the maximum amount of air has been put in at the influent end 
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and lesser amounts of air have been added toward the effluent end. The 
paddle aerators have been rotated with the spiral. It has been found 
that if the paddle aerators are used in this way the motors will use one- 
third of the power required when the paddles rotate against the spiral. 
The aerator motors will use about the same amount of power each 
day regardless of the flow through the tank as the paddle wheels are 
rotated at a constant speed of 3 r.p.m. 

The power unit ‘‘Kilowatt-hours per day’’ used in this report 
(Table I) is an expression that places the power consumption of the 
basis of the sewage volume only and does not take into consideration 
the concentration or strength of the sewage. As the concentration of 
the sewage is highly variable and also changes considerably with the 
season, it is evident that a distorted conclusion can result from mere 
statement of the power figure. A proper power unit should be based 
on the energy required to do a given amount of work. In sewage treat- 
ment the best present method of measuring the work done is by 
means of suspended solids and biochemical oxygen demand determina- 
tions, which are the generally accepted efficiency tests of a treatment 
plant. If the number of pounds of suspended solids or pounds of 
B.O.D. removed during a given time is divided by the number of kilo- 
watt-hours used in the same time, the resulting figure would represent 
the number of pounds removed per kilowatt-hour. It is believed that 
this unit is much better adapted for reporting operation data than is 
horse-power per million gallons or kilowatt-hours per million gallons 
because it is a definite expression of the amount of work done by ¢ 
unit of energy. The Illinois Sanitary Water Board and some of the 
equipment manufacturers have adopted this method of measuring sew- 
age plant efficiencies. 
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In Table I is shown the operation data for a period of six months 
and four days of storm flow. This table shows the suspended solids 
and the B.O.D. analysis, also the power consumed during this period. 
A comparison of HP. per m.g. and lb. per kwh. is to be found in columns 
14 and 15, for the aeration tanks. The last three months of the table 
are of normal operation and show that one would expect 1.7 lb. of 
B.O.D. removal per kwh. at the present flow of 5.5 million gallons. But 
when the flow is doubled the removal of B.O.D. would be around 3 |b. 
per kwh. On the ‘‘work done’’ basis in the aeration tanks, the table 
shows that 1.2 lb. of B.O.D. removal per kwh. can be expected. If the 
flow is doubled the B.O.D. removal would be about 2 lb. per kwh. 

As the table shows the unit ‘‘Lb. per kwh.’’ has considerably more 
meaning and value than the units which are based on the sewage volume 
only. It is believed that by the adoption of this unit or one of similar 
meaning by engineers and chemists the power data would be much more 
‘comparable and valuable. 

CoNCLUSIONS 

The power used for primary treatment of activated sludge plants 
where there is no pumping of sewage should be very low or about 8 
to 10 per cent of the total power used. 

The secondary treatment consumes about 90 to 92 per cent of the 
power; therefore, if any economy can be affected in the treatment of 
sewage by the activated sludge process, it must be in the secondary part 
of the plant. 

In suggesting the unit of ‘‘Lb. per kwh.’’ it is felt that a practical 
unit which is definite and can be safely compared is offered, and it is 
recommended that future power comparisons be based upon these units. 


METHOD OF HANDLING SUPERNATANT LIQUOR 


By R. A. GREENE, Ass’t Sup’t and Chemist 


The proper method of handling supernatant liquor has been debated 
by sewage works operators for some time. Some are inclined to believe 
that it should be drawn to sand beds and not given either primary or 
secondary treatment, others believe that it should be mixed with the 
primary effluent, while others believe, as we at the Jackson plant be- 
lieve, that it should be mixed with the primary influent. 

The digesters at the Jackson plant consist of two fixed covers and 
two floating covers, designed for two-stage digestion. We are follow- 
ing that procedure, using the fixed cover digesters for the first stage 
and the floating covers for the second stage. Both of the fixed cover 
tanks are kept full all of the time and all of the raw sludge is pumped 
into one or the other, forcing out either sludge or supernatant into 
the floating-cover digesters. 

As a rule, we draw supernatant from the fixed cover to the floating 
cover digesters two days and sludge on the third day. This is by no 
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means a hard and fast rule, because the amount of sludge in the fixed 
covers really determines which we shall draw. We alternate the 
pumping of raw sludge into the fixed covers every day and, as the 
digesters are operated in pairs, the floating covers are alternated daily. 

The regular procedure followed in handling supernatant has been 
to wait until the floating cover digesters are full, then draw it gradu- 
ally. The operator takes a sample when he starts drawing and con- 
tinues to take samples periodically as the cover goes down. The super- 
natant is drawn until it begins to get heavy, or until the cover comes 
almost to the stops. We know approximately the amount that can be 
drawn as we measure the sludge line each week. So far, we have 
drawn the supernatant by gravity, therefore the valve in the super- 
natant line has to be adjusted as the cover goes down to compensate 
for the loss in head. 

During the past five months, that is, from October, 1937, through 
February, 1938, the gallons drawn and the rate, the suspended solids 
in p.p.m., and the per cent solids were as follows: 








| 
Time | Gallons Suspended | Per Cent 

Gallons | any ; a> | Wegaweny enemas | acy 

| Hours per Hour Solids in P.p.m. | — Solids 

October. . 309,000 | 114 | 2700 ‘| 722 | 0.07 

November. | 142,000 | 16 =| = 8880 590 | 0.06 

December..........| 373,530 | 62 | 6025 | 2377 0.24 

January 377,430 49 | 7970 | 2870 0.29 
February 555,000 61 | 9000 | 3075 | 0.30 


The small amount drawn during the month of November was due 
to the fact that one of the digesters was emptied completely the latter 
part of October. The large amount drawn during February was due 
to the heavy rainfall, which made it necessary to pump a great deal 
more sludge. 

The supernatant will not flow at a slow rate because of a rise in the 
line between the digesters and the primary tanks, which causes the line 
to become air locked unless the liquor is flowing at the rate of 6,000 or 
8,000 gallons per hour. Therefore, from the above statement, the slow 
rate of 2,700 gallons per hour reported during October was not correct. 
At that time we were trying to draw at the rate of 4,000 or 5,000 gallons 
per hour, but part of the time no supernatant was leaving the digester. 
If, at any time in the future, we wish to draw at a slow rate, we will 
pump it against a partially closed valve. 

As was stated at the outset, all supernatant from the floating cover 
digesters is drawn to the head of the primary tanks. Also, all super- 
natant drawn to the primary tanks comes from the floating covers. 
This has not seemed to upset our primary tanks in the least; by looking 
over the records, I find that the biochemical oxygen demand of the 
primary effluent is slightly higher when supernatant was drawn than 
with ordinary sewage, also the total nitrogen. 

The supernatant has caused no ill effects in the secondary treatment 
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and very little difference can be noticed in the final effluent of the plant. 
To check this, the detention periods in the primary tanks and aeration 
tanks were calculated and a composited sample of the final effluent was 
taken while the supernatant was leaving the plant. This was analyzed 
together with the regular daily composite, and practically no difference 
was noted. As to stability, nitrites were, as a rule, a little higher when 
supernatant was present but this did not seem to affect the B.O.D. It 
would more likely affect the final effluent if the activated sludge were 
not in good condition or if the supernatant were drawn too fast when 
the aeration tanks were loaded. Certainly, good nitrification could not 
be expected under the latter conditions. 

In conclusion, it may be said that the handling of supernatant here 
has been a small problem. In the light of the results obtained at the 
Jackson plant, it seems that in order to handle supernatant properly, 
it can be drawn to the entrance of the primary tank at as low a rate as 
is practical, and be given full treatment with the raw sewage. 

The above conclusion is based upon approximately one year of op- 
eration during which time the plant has been operated at about one-half 
designed capacity with an excellent activated floc. However, we be- 
lieve that the above method will also prove satisfactory when operating 
at the designed flow. 


SOME EXPLANATION FOR THE LOW EFFLUENT 
B.O.D. AT JACKSON 


3y R. A. GREENE, Ass’t Sup’t and Chemist 


Ordinary drinking water generally runs higher in B.O.D. than the 
Jackson plant effluent; therefore, it appears to have more decomposable 
organic matter in it than our final effluent. The B.O.D. has been un- 
usually low almost from the time the plant was placed into operation. 
A great deal of work has been contemplated on this subject. This 
is a progress report indicating the investigations that have been com- 
pleted. All of these investigations point to the reported B.O.D. as 
being correct. 

The Rideal-Stewart Modification of the Winkler method is used to 
determine the dissolved oxygen of all composited samples of the final 
effluent before and after the incubation period, and on all grab samples 
of the final effluent. 

The procedure generally adopted in plants is to take the dissolved 
oxygen of the daily grab sample as the initial dissolved oxygen of the 
B.0.D. sample. This method was followed until September, 1937, when 
the B.O.D. began to look as though it would be on the negative side, 
and on several occasions since, had this method been used, the B.O.D. 
would have been negative. The average dissolved oxygen in the final 
effluent for the past nine months has been 7 p.p.m.; but on a few ocea- 
sions it has been as low as 4 p.p.m. Very often there will be 6 or more 
p-p.m., dissolved oxygen after the sample has incubated five days. 
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Since the date above mentioned, dissolved oxygen has been determined 
on the composited sample and the result used as the initial dissolved 
oxygen of the sample. The composited sample usually contains from 
8.0 to 9.5 p.p.m. dissolved oxygen. 

The B.O.D. samples are taken from the daily composited sample, 
which is collected hourly in proportion to the rate of flow. These daily 
samples are kept in a refrigerator at 4 deg. C., and on each week day, 
at the end of the 24-hour compositing period, B.O.D. samples are plated 
and incubated at 20 deg. C. for five days. The B.O.D. on the final ef- 
fluent is run practically all the time without any dilution. 

The B.O.D. of the final effluent has averaged 2.9 p.p.m. for the last 
five months (October 1, 1937 to March 1, 1938). At first it was thought 
that we might be obtaining oxygen from the nitrates, which run high 
in the final effluent, but when duplicate samples were run for several 
days, there was not a single instance found where the nitrite and nitrate 
value had changed. If these samples are getting oxygen from any 
other source we do not know where, and it does not seem reasonable 
that they would require oxygen from any other source than the dilution 
water, as there is always at least 2 p.p.m. dissolved oxygen after the 
incubation period, and most of the time 4 p.p.m. or more. Samples 
have been plated with different dilutions and they give the same B.O.D. 
as the undiluted samples. 

The final effluent is very stable based on the results of weekly analy- 
ses. The following table gives the average weekly results of analysis 
of the raw sewage and the final effluent. 


Raw SEWAGE 




















| Suspended | . , : Oxygen 
1 Vesecaeee D.O., | Org.-N, NHN, | a... B.O.D., 
Solids, . ; . Consumed, é , 
P-p.m, P.p.m. | P.p.m. P.pan: | P.p.m. P.p.m. 
ae 3a vei See ee |_| =< pat 
October. . . tron) ae ob ae 9.3 156 | 57.4 126 
November. .. a 0.4 10.4 16.3 | 62.4 154 
December.... . : zeal 212 | 1.2 10.4 150 | 56.5 151 
January....... cect 211 2.0 9.7 Los | 57.5 152 
February...... Los 2.8 | 6.9 10.8 | 51.4 104 
FINAL EFFLUENT 
. ma ae er | i 
Sus- — | | Oxy gen) | Pe 
| pended | ri D.O., | Org.- N,| NH,-N,| Con- | B.O.D., | NON, NO.-N, 
| Solids, 19 p-m.| P.p.m. | P.p.m. | sumed, | P.p.m. : P-pan., | Fipan: 
Red I | ' Red.| 7 , 
| ae | P.p.m. . ‘| 
October. . . | 16 92.0] 6.0 2.9 1s, 8.1 2.9 |97.5| 0.4 13.3 
November....| 15 93.5} 7.0 3.1 1.3 8.4 2.7 198.0) 0.2 14.6 
December. . . | 14 93.5| 8.0 2.5 1.6 7.2 2.9 98.0} 0.3 14.1 
January..... | 16.6 |92.5| 7.0 4.0 4.9 1.3 3.0 |98.0] 0.6 12.2 
February ee oe 90.5} 6.6 3.9 5.0 8.9 2.8 97.0; 1.6 7.0 
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The reduction in organic nitrogen, oxygen consumed, and the nitri- 
fication, within the above limits, have not affected the B.O.D. of the 
final effluent. The amount of suspended solids in the final effluent has 
remained about the same over the five-month period. During the 
months of October, November, December, and January, we were treat- 
ing between 5.5 and 6 million gallons daily, but during February the 
flow averaged almost nine m.g.d., and a great deal of the time we were 
treating all that the plant was designed for, which is 11.25 m.g.d. 
Jackson has a combined system of sewers with very few separate storm 
sewers, consequently this high flow was due to rain and melting snow 
and probably part of Grand River, which was at a high stage practically 
all the month. Therefore, during this month the sewage was diluted 
and one would naturally not expect as high a degree of treatment, as 
measured by per cent of removals and nitrification, to obtain an effluent 
of the same stability. The averages for the month of January are the 
ones which look confusing, as the flow into the plant was about the same 
as in October, November, and December, and the sewage was about 
the same strength but the percentage reduction was lower. The only 
explanation which can be given for this is the mechanical difficulties 
encountered with the paddle agitators in the aeration tanks. The gears 
were worn so that some had to be taken out of service and the remain- 
ing paddles were rotated with the air instead of against it; this change 
in mode of operation is clearly indicated by the various analyses of 
the final effluent; the oxygen consumed test has remained rather con- 
stant along with the B.O.D. 

In order to obtain a low B.O.D. it does not seem necessary to have 
a high degree of nitrification, but in our case we were getting it because 
we could not conveniently avoid it. With the flow between 5.5 and 
6 m.g.d., a definite amount of air must be used to keep the mixed liquor 
from settling before it gets through the paddle wheel section, and the 
detention period is so lengthened with this flow that we get the high 
nitrification. The mixed liquor has about 3,000 p.p.m. suspended solids 
and the sludge index is approximately 30. 

In conelusion, it can be said that we are assured that the effluent 
from the plant is exceptionally good, both from the results of analysis 
and from the physical appearance as it mixes with Grand River. We 
also know that the effluent will sustain fish life as we have had about 
fifty goldfish in each of the four final clarifiers for about six months. 
Likewise, fish are constantly seen around the effluent channel from the 
plant. 

We question if the five-day B.O.D. in our plant truly represents 
67 per cent of the total B.O.D. 














EXPERIENCES AND RESULTS OF FIRST YEAR OF 
OPERATION OF THE ANN ARBOR SEWAGE 
TREATMENT PLANT * 


By Haruanp P. Dopce 
Superintendent 
The Ann Arbor Sewage Treatment Plant (Fig.1) is located on a 50- 


acre tract of land on the north bank of the Huron River three miles 
east of the eastern city limits. The site is bounded by the river on 





Fig. 1.—View of Ann Arbor Plant. 


three sides and by the Michigan Central Railroad on the fourth side, 
providing a well isolated area which is to be developed for park pur- 
poses. The plant effluent is discharged into the upstream end of a 
power pond. There are five such ponds in the thirty-five miles between 
the plant site and the northwest corner of Lake Erie, into which the 
river discharges. 

The design capacity of the plant is 4.5 m.g.d. The average sewage 
flow for the first year was 3.7 m.g.d. based on meter records which were 
available at different periods aggregating about one-half of the year. 

The sewerage system is of the separate type, however, heavy rains 
have increased daily flows as much as 1.5 million gallons. 

About 12 per cent of the total flow of city sewage is tributary to 
the old main sewer. This portion of the flow is pumped to the new 
main trunk sewer, through which it is conducted by gravity to the plant. 

* Presented at the Thirteenth Annual Conference of the Michigan Sewage Works Associa- 
tion, East Lansing, March 30—April 1, 1938. 
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gestion (Fig. 2). 


GENERAL FEATURES 
The plant is of the activated-sludge type with a apres sludge di- 


The sewage first passes thr 
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SEWAGE JESAT MENT PLANT 
CALE: 21-0 





and a pre-aeration channel which provides a 12 min. 


for the design flow. Pre-aeration is employed to coagulate oil and 


Fig. 2.—Plan of Ann Arbor Plant. 


aeration period 


grease, which is skimmed from the primary tanks and burned in a gas- 


fired incinerator. 


There are two primary settling tanks 78 by 16 ft. in plan with a 10 


ft. 6 in. average water depth. 
isms are employed in both the primary 


Straight-line sludge collecting mechan- 
and final settling tanks. 


19388 


5-in. Comminutor 

















Vol. 10, No. 3 ANN ARBOR SEWAGE TREATMENT PLANT 525 


Hach of the four aeration tanks includes two channels 108 by 15 ft. 
in plan, with a water depth of 15 ft., so arranged that each pair may be 
operated in series. The tanks are the spiral-flow type with two rows 
of diffuser plates. The aeration period is 6 hours on the basis of 4.5 
n.g.d. with 25 per cent return sludge. 

There are four final settling tanks, two of which are 65 by 16 ft. in 
plan with an average water depth of 11 feet (Fig. 3). The other two 


oT “gy? 





Fia. 3. 





Final settling tanks. 


tanks, 65 by 33 by 11 ft., have two sets of sludge-collecting mechanisms 
end a cross collector at the hopper end. Each tank has two cross weirs 
and two side weirs of length equivalent to the periphery of a circular 
tank of equivalent capacity. The side weirs start 27 ft. from the inlet 
end of the tanks and the first cross weir is 41 ft. from the entrance. 
The two sludge digestion tanks, equipped with floating covers, are 
65 ft. in diameter and 29 ft. deep at the center, with side-wall depths of 
19 ft. The sides of the covers project 5 ft. below the ceiling plate so 
that they may act as gasometers, each with a storage capacity of 15,000 
cu. ft. The tanks, arranged to operate in parallel or series, each have 
a volume of 72,000 cu. ft., or 3 cu. ft. per capita for the design popula- 
tion. The primary tank is equipped with a 500 gal. per min. supernat- 
ant circulating pump suspended from the lower side of the cover. The 
supernatant is discharged from four nozzles projecting through the 
cover and spaced evenly 25 ft. from the center of the tank, and from one 
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outlet located under the gas dome. The purpose of supernatant cir- 
culation is to break up any heavy dry seum which may accumulate dur- 
ing the time when the cover is storing gas, consequently not keeping 
the scum submerged. Each tank is heated by water circulated through 
three coils of 214 in. wrought iron pipe, supported on concrete posts 7 
ft. from the walls and located vertically in about the middle third of 
the tank. Supernatant liquor can be withdrawn from the center of the 
tanks at four 3 ft. intervals. 

Sludge is conditioned with lime and ferrie chloride and dewatered 
on a vacuum filter 6 ft. in diameter and 10 ft. long. 

The compact arrangement and general accessibility of the units of 
the plant, all of which are connected by galleries, is worthy of particu- 
lar mention. Another feature of interest is the meter panels, which 
are located in the corridor of the office building. These panels contain 
sixteen 24 hr. dial charts on which the rates of flow are recorded. 
There are also indicating dials which are located adjacent to the meters. 


Discussion OF RESULTS OF SEDIMENTATION 
The results obtained during the first year of operation of the plant 
are indicated briefly in the accompanying tables. The suspended 
solids in the raw sewage averaged 278 p.p.m. and the 5-day B.O.D. 304 
p.p.m. This amounts to 0.22 lbs, and 0.25 Ibs. per capita per day of 
suspended solids and 5-day B.O.D. respectively. 


TaBLE I.—Ann Arbor Plant 
Flow, Suspended Solids and B.O.D. 















































Suspended Solids 5-day B.O.D. D.O. 
P.p.m. P.p.m. P.p.m. 
od 
7 | Per Cent ; Per Cent 
— r - we ie|s | Reduction | % | < | Reduction 
~ lel es] slelel- Tl fl] élet 
s = = Pe = | ~ = we Be +2 
“|2/2B/S18lzZ/ 2/2) 2/2/32] 2] z 
lel slzlsle|ela/e Fle) 4] € 
fy a T Ay Bim] & mS o) aq Te x] fe) 
Jan | * | | | 
Feb. .| 3.5 | 229 | 129 | 72 43 68 
| 3.3 | 235 134 | 76 43 | 68 
Apr. | 4.1] 223 | 134 | 75 41 | 68 
May........| 4.2 | 230 | 124 | 53 | 73 45 78 281 164 | 48 | 45 | 83 
June......../ 4.0 | 291 179 | 22 | 71 | 38] 91 358 | 216 | 23 | 40] 94 
July........13.6 | 346 | 169 | 18 | 72 | 51 95 395 | 213 | 22 | 46 | 94 4.3 
Aug.........| 3.8 | 336 | 182 | 26 | 72 | 45 | 91 332 | 192 | 15 | 42 | 96 3.2 
re 3.5 | 297 | 146 |} 20 | 71 | 51 93 266 | 156 | 10 | 41 96 3.5 
Oct... 3.5 | 298 | 140 | 27 | 72 | 53] 91 275 | 147 | 21 | 47] 92 4.3 
NOW 25 6 o:0s 2 3.5 | 304 | 147 | 49 | 71 | 38 | 86f] 248 | 154 | 35 | 38 | 86 3.6 
Dec... 3.7 | 270 | 156 | 46 | 72 | 42) 83 276 | 161 | 37 | 42 | 87 4.8 
Avg.. 3.7 | 278 | 150 | 44 | 72 | 46] 84 304 | 175 | 26 | 42 | 91 4.0 














* No analyses were made during January. 
+ Settling in both primary and final tanks without aeration to May Ist. 
t Bulking of activated sludge during November and December. 
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TaBLeE IJ.—Ann Arbor Plant 
Nitrogen Data 



























































Nitrogen as N—P.p.m. 
M . z sae 
— NH; NO, NO: Organic N 
Influent | Settled | Effluent | Effluent | Effluent | Influent | Settled | Effluent 
July. . <q: 20 20 12 0.2 1.6 20 te 6 
Aug. tun ee 16 16 13 0.1 0.2 22 20 6 
Sept... Xe bg 17 11 1.9 0.2 18 12 6 
GG... <': ie 17 17 12 2.1 0.4 23 16 10 
MOMs oe eee 19 19 6 2.6 6.4 21 14 10 
Dee. ve 18 18 6 1.6 7.8 18 12 8 
Avg. : 18 18 8 1.4 2.8 20 15 7 
Tasie III.—Ann Arbor Plant 
Detention Periods and Return Sludge 
| Detention Periods Tir Cas 
Month - 
1937 Return 
Primary Tanks Aeration Tanks Final Tanks Sludge 
Oa eee 
BOD eyiovnnak.s 1 hr. 17 min. 3 hr. 39 min. 
March..... 1 hr. 22 min. 3 hr. 52 min. 
PA 1 hr. 06 min. 3 hr. 07 min. 
BY on) s as 1 hr. 04 min. *9 hr. 30 min. 3 hr. 30 min. 30+ 
* 1 hr. 07 min. 6 hr. 41 min. 2 hr. 31 min. Zit 
‘0 er eae 1 hr. 15 min. 7 hr. 27 min. 2 hr. 48 min. 27T 
1 1 hr. 11 min. 7 hr. 04 min. 2 hr. 39 min. 27T 
Bente... 2.8 1 hr. 17 min. 7 hr. 39 min. 2 hr. 52 min. 27t 
MOO ne aes thr: 17 min. 7 hr. 39 min. 2 hr. 52 min. 27t 
NOW oes. 205 1 hr. 17 min. 7 hr. 39 min. 2 hr. 52 min. 27T 
GCS oo. Scots 1 hr. 13 min. 7 hr. 14 min. 2 hr. 43 min. 27t 














* The activated sludge was developed during the month of May. 
+ Due to its sensitive nature the percentage of return sludge was maintained rather high. 
Air requirements have been 1 cu. ft. per gallon of sewage. 


From January 1 through April the sewage passed through both 
the primary and final settling tanks without aeration. During this 
period a 43 per cent reduction in suspended solids was effected in the 
primary settling tanks. The primary tanks are designed for a settling 
period of one hour for 4.5 m.g.d. The settling period during this time 
was one hour and 15 minutes, or 1,500 gallons per sq. ft. of tank area 
per 24 hours. 

The raw sludge which was pumped to the digesters averaged 4.9 
per cent solids. The sludge collecting mechanism was operated con- 
tinuously for a period of one month to note the effect on the solids 
concentration. No measurable difference was noted in favor of either 
continuous or part-time operation of the mechanism. 











The final settling tanks are designed for a 2.25 hr. settling period 
for 4.5 m.g.d. plus 25 per cent return sludge. During the four-month 
period in which double settling was employed, 68 per cent of the sus- 
pended solids were removed. The settling period in the final tanks 
was 3.5 hours, or 565 gal. per sq. ft. of tank area per 24 hours. Sludge 
from the secondary tanks averaged 3.5 per cent solids. 

During the 4% months after the activated sludge process was de- 
veloped, removals of 92 and 94 per cent of suspended solids and 5-day 
B.O.D., respectively, were effected. 


AERATION 


Air is supplied by two motor-driven positive pressure type blowers 
of 1,500 and 2,000 cu. ft. per min. capacity and one gas-engine driven 
blower of 3,000 ¢.f.m. capacity. The motor-driven units, operated by 
60 and 100 H.P. induction motors equipped with two sets of windings, 
may be operated at half capacity. This arrangement and the speed 
variations possible in the gas-engine driven unit provide considerable 
flexibility in the volume of air which may be delivered. 

The aeration process was started May 1, 1937. A typical activated 
sludge was developed in about four weeks. At that time 3,600 p.p.im. 
of suspended solids were carried in the mixed liquor but the air re- 
quirements were higher than desired, so the solids were gradually re- 
duced to 1,600 p.p.m. The results obtained with this concentration of 
solids were satisfactory and the air consumption was about 1.0 cu. ft. 
per gallon of sewage. The amount of return sludge was maintained 
practically constant averaging 27 per cent of the incoming sewage, with 
0.5 per cent solids. 

The activated sludge was rather sensitive to changes in the amount 
of dissolved oxygen carried in the aeration tanks, and occasional tem- 
porary upsets were experienced due to excessive amounts of supernat- 
ant liquor being returned to the incoming sewage. 

On October 13, the first real case of bulking occurred. A micro- 
scopical examination of the activated sludge showed an excessive 
growth of the filamentous organism which had been present to some 
extent since the sludge was first developed. The aeration and final 
tanks were drained and flushed and the development of a new activated 
sludge was started. 

On October 31st a heavy discharge of copper waste from an un- 
known source increased the suspended solids from the normal Sunday 
average of 225 p.p.m. to 625 p.p.m. This same type of waste continued 
to arrive for the next four days with the result that the aeration process 
Was again seriously retarded. 

During the rebuilding process the filamentous growth, which was 
identified as Sphaerotilus, became excessive but soon started to gather 
into comparatively thick mats resembling light gray tissue paper. 
With the disappearance of these mats the sludge improved rapidly and 
fairly good results were produced. 
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The sludge index of 82, obtained during the month of December, 
was the lowest monthly average, but the removal of suspended solids 
effected was 12 per cent below that of July when the average index was 
164. However, the effluent contained an average of 46 p.p.m. of very 
finely divided floc. In an attempt to remove this light floc the solids 
concentration in the mixed liquor was gradually increased to 2,800 
p.p.m. at which point the index suddenly increased into the 300 range 
and the sludge did not readily respond to treatment which is normally 
successful in reactivation. Lime and clay were applied but proved 
benefiiecal for only one day after application. It was necessary to de- 
velop a new activated sludge before satisfactory results could be ob- 
tained. 

To date the most satisfactory means of wasting excess activated 
sludge has been to return it to the primary settling tanks during the 
early morning when the settling period is about 2 hours. 


DIGESTION 


The sludge digestion tanks were put into service December 29, 
1936, without the aid of heat and results were about normal for tanks 
which are started in the winter under such conditions. 

Sewage was first pumped into the digesters to lift the floating cov- 
ers. The process of filling was rather slow while using two 50 g.p.m. 
sludge pumps so the idea was conceived that, by the proper manipula- 
tion of valves, which were intended for other purposes, a 1,000 g.p.m. 
drainage pump taking its suction from the final tanks could be used for 
this purpose. Soon after this pump was started, it was noted on look- 
ing out of a window over a one-story section of the building that the 
roof of the building was covered with secondary sludge about 15 inches 
deep and well above the roof flashing. Investigation soon disclosed 
that the roof drain from that section of the building was connected to 
the normal discharge line of the drainage pump. Unfortunately the 
down-spout was on the wrong side of one of the valves which made the 
use of this pump possible so that the discharge was divided between the 
root and the digestion tank. Sludge leaked through joints of brick and 
tile to the blower room below so a washing down was immediately in 
order and one of our embryo plant operators gave up his lunch and all 
aspirations of becoming an operator and returned to his former oceupa- 
tion. An equipment company representative who was adjusting equip- 
ment on the second floor had noticed the sludge on the roof but did not 
report it because he had assumed the process to be a normal operating 
routine. 

On March 15, it was discovered that the small amount of gas being 
formed could not escape through the intended outlet. The gas lines at 
the middle of the digestion tanks were found to be plugged with sheet- 
metal flanges which had been placed there for testing the lines against 
leakage while under pressure. Apparently they served their purpose 
well for no gas was able to reach the boilers and other gas appurten- 
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ances. To remove these obstructions it was necessary to transfer 
sludge from one tank to the other and to dismantle a small amount of 
pipe. : 

When heating was started on March 30, by using the auxiliary coal- 
fired boiler which was no longer required for full-time heating of the 
buildings, a loss of water from the heating coils indicated that trouble 
of a different nature existed within the tanks. An air blow-off line from 
a high point in the heating coils, extending through the wall into the 
digestion gallery, had been sheared by the weight of heavy seum when 
the cover was lowered. Removal of a portion of the sludge from each 
tank was again necessary to permit minor repairs. 

On July 31, the first gas that could be burned in the boilers was pro- 
duced at about the same time that the digesters were full, with no di- 
gested sludge in sight. The volatile content of the sludge in both tanks 
was about 70 per cent. 

It was then decided to dewater raw sludge but numerous unforeseen 
difficulties prevented much progress along this line. It was soon found 
that no compressed air could reach the filter compartments to assist 
in removing the filter cake. Paper placed in the filter head valve open- 
ings at the manufacturing plant, to prevent the entrance of dirt, had not 
been removed when the equipment was assembled. The filtrate pump 
would run but a short time when, due to excess heat, it would be auto- 
matically stopped. This difficulty was found to be due to the fact that 
all the motor leads had been erroneously marked at the factory and 
electrical connections had been made accordingly. The proper changes 
were made and when put in service the pump would occasionally fail 
to discharge the filtrate at the proper rate. The motor was then found 
to be rotating in the wrong direction but in spite of this fact it was 
doing a fairly acceptable job. Considerable annoyance was also caused 
by lime solution leaking from the slaking tank around the agitator shaft. 
This was also found due to a motor running backwards. These diffi- 
culties along with many others retarded sludge dewatering to such an 
extent that the long anticipated case of foaming was in progress before 
any headway was made in reducing the load in the digesters. 

When the sludge flowed down the stairway, leading to the top of 
the digesters, and into an areaway, thence through the windows into 
the pump room, the easiest way to get rid of it appeared to be by flush- 
ing it down the areaway drains, so the drain castings were removed 
and more sludge was pushed into the areaway and plenty of water 
provided to flush it to a drainage sump. This procedure was followed 
for some time until it was discovered that the drainage line under the 
building had become plugged and the greater portion of the sludge 
had backed up into a pipe gallery between the primary settling tanks. 
At that time we received our only complaint of odors from our nearest 
neighbor, about 2,000 feet from the plant, and an unusual amount of 
bad supernatant liquor upset the aeration process for about two weeks. 

Digestion and gas production are now (March, 1938) proceeding 
satisfactorily, with a gas production of about 50,000 cu. ft. per day 
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from a tributary population of 39,000. Fifteen cu. ft. of gas have been 
produced per lb. of volatile matter destroyed. The heating value of 
the gas, since November 15, has averaged about 650 B.T.U. per cu. ft. 

The volatile matter in the raw sludge has averaged 78.5 per cent 
and in digested sludge 57.5 per cent, giving a reduction in volatile 
matter of 63.1 per cent. 

Incineration of scum and grease was practiced before the gas engine 
was placed in operation. Except when received in abnormal amounts, 
scum and grease are now pumped to the digesters in order that the gas 
supply might be conserved for use in the engine. There is less than 
2 ft. of seum on the primary digester at the present time. 


StupGe Dryine 


Sludge drying has been the minimum necessary to permit use of 
the digestion tanks. 

Data concerning filter operation and amounts of chemicals required 
are not available due to difficulties in metering sludge caused by en- 
trained gas. An automatic gas relief valve is to be installed on the 
digested sludge venturi meter to eliminate trouble from this source. 

Best filtering results have been obtained by placing the heavy can- 
ton flannel filter cloth on the filter drum with the smooth surface to 
the outside. <A lighter weight material is to be tried when the supply 
of cloth furnished with the filter is exhausted. 

To date all of the dried sludge has been utilized on the plant grounds. 
Inquiries concerning sludge have been received from a nearby estate 
and from farmers, so it is not expected that sludge disposal will be an 
immediate problem. 

UTILIZATION OF GAS 


Gas is used for heating the buildings, for laboratory purposes and 
as fuel for an incinerator in which screenings are burned. The main 
use of the gas, however, is as fuel for a 120 H.P. four eylinder, Worth- 
ington gas engine which is directly connected to a 3,000 ¢c.f.m. positive 
pressure type of blower. Gas with a heating value of about 450 B.T.U. 
per cu. ft. was said to be a minimum requirement for satisfactory opera- 
tion of the engine. When gas of this quality was produced during the 
first week of November many unsuccessful attempts were made to put 
the engine into service. The difficulties encountered were in the mag- 
neto but were overcome by wiring changes after correct instructions 
were received from the manufacturer. The engine was put into service 
the first of December. Oil consumption was rather excessive for the 
first two weeks but this was overcome partially by a change of oil and 
by replacing the oil wiper rings with improved types. 

The engine is now operating satisfactorily about 20 hours per day. 
Fuel consumption has been 1,800 eu. ft. per hour or 15 cu. ft. per rated 
B.H.P. hour. On the basis of the average fuel value of the gas pro- 
duced this amounts to 9,750 B.T.U. per B.H.P. hour. 

The cooling water for the gas engine is utilized for heating the diges- 
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tion tanks and has been found to be more than ample. During the time 
when sufficient gas was available to run the engine 24 hours per day the 
temperature of the digestion tanks reached 107° F. The temperature 
of the cooling water as it left the engine jacket was 165° F. Heat dis- 
sipation to the digestion tank contents through 2% in. wrought-iron 
pipe coils was found to be 16.5 B.T.U. per sq. ft. per hour per degree 
difference of temperature. This is about one-half of the heat loss 
which was indicated in the only reference found on the subject. 

In order to insure any desired digestion temperature and continuous 
use of the gas engine, without overheating, additional cooling coils of 
21% in. wrought iron pipe were installed in one of the aeration tanks. 
A meter and thermometers were installed in the lines so that heat losses 
from this source could be determined. With the temperature of the 
aeration tank contents at 55° F. the heat loss was 103 B.T.U. per sq. ft. 
per hour per degree difference of temperature, or about six times the 
amount dissipated in the digestion tanks. 


Cost 


The plant, which was designed jointly by Ayres, Lewis, Norris and 
May, and Shoecraft, Drury and McNamee, two local consulting engi- 
neering firms, was built as a P.W.A. project at a cost of $457,400 of 
which $124,000 was a Federal grant. 

Prior to the construction of the sewage treatment plant, a new main 
trunk sanitary sewer, about five miles long, was built through the city 
and was later extended four miles down the river to the plant site, as 
a C.W.A. project. The costs of the main sewers and the treatment 
plant were as follows: 
$ 324,864.43 

279,666.09 


Main Trunk Sanitary Sewer 
Down River Sewer 


land... .. ‘ 9,300.00 
Sewage Treatment Plant, Pumping Station and Bridge 457,378.03 
Total Cost... . rr Sere ire taps eer ei $1,071,208.55 


FEDERAL GRANTS 
Down River Sewer . $200,654.60 
Sewage Treatment Plant 124,000.00 
University of Mich. Main Trunk Sanitary Sewer.... — 10,987.00 $535,641.60 


Net Cost to City... eS ere ..... $735,566.95 


The total operating expense, including billing and collecting, depre- 
ciation and debt service, for the past year was $41,800. The estimated 
annual cost in the future is $65,000 based on operation of the aeration 
process throughout the year. Ample operating revenue is obtained 
by a utility service charge collected by the water department and based 
on the amount of water consumed during the winter months. The total 
revenue amounts to approximately 50 per cent of that collected for an- 
nual water service. 
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CoMMENTS 


The first vear of operation of the Ann Arbor Sewage Treatment 
Plant, just described, which ended January 1, 1938, was rather typical 
of first years in that a considerable amount of time was spent in making 
the usual adjustments which are necessary when the amount of new 
equipment which is found in the modern plant is placed in operation. 
Many experiences have not been mentioned, some of which were merely 
amusing but in general they were educational in that as a result of 
them the operators learned at an early date the function, mechanics, 
and eare of the equipment. 

The past year may well be divided into three operating periods as 
follows: 


January through Mareh —The period during which double settling 

was employed. 

April through October —The period during which the activated 
sludge process was established and 
functioned efficiently. 

The period during which bulking of the 
activated sludge occurred. 


November and December 





Kxamination of the operating data will disclose that the results ob- 
tained during the entire year have been satisfactory in spite of the dif- 
ficulties encountered. 











Industrial Wastes 





TEXTILE WASTE DISPOSAL 
AN ORDERLY APPROACH TO THE PROBLEM * 


By L. L. Hepeeperu anp C. B. Grirrin, Jr. 


Technical Service Department, Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 


We have agreed that, if we were to select a text for the theme of our 
presentation to you of the problem of waste disposal, it would be the 
sage observation on this problem by Geyer and Perry in their excellent 
report to the Textile Foundation: 


The textile waste treatment problem is more complex than many other industrial 
waste purification problems because of the fact that no two textile wastes are alike in 
character, nor can any two wastes be purified by exactly the same treatment. The com- 
bined waste from each mill is different, and the waste from any one mill continually 
changes with the introduction of new processes or the change in market demands. 
Textile wastes are as varied in character as the kinds and colors of the goods produced 
within the mills. . . . Each problem must be studied carefully in order that its solution 
may conform to sound economic principles of conservation. 


The subject of textile waste disposal is one of importance to this 
group. It is not the intent of this paper to call your attention to this 
problem for that already has been done, more forcibly in some states 
than in others. Some of these laws have teeth in them, too—even men- 
tioning that ‘‘cease and desist’’ notices will be sent to those industrial 
plants whose effluent does not meet certain rigid specifications on spe- 
cific dates. However, when we consider the fact that the textile in- 
dustry is one of the contributors, if not the greatest contributor of 
industrial waste liquors to streams in this section, we do not have much 
room to grumble. After all, no one, not even a textile man, would like 
to catch fish of a beautiful hue composed of sulfur black, Blue 4R 
powder, and Cone. Green RB. We’d probably say that the shade was 
off or that there were hard water ‘‘resists’’ or that colors clashed or 
perhaps say that the designer just had a bad day. Nor would a textile 
man like to sit under a shady tree by a small stream and observe wool- 
scouring wastes flowing by or smell their rare odors. 

All laws considered, the textile industry is perhaps more fortunate 
than some others, for instance chemical manufacturers, who in many 
cases have to contend not only with stream pollution but with atmo- 
spheric pollution as well. 

It is well at this time that a careful approach to the problem be dis- 
cussed. The disposal of waste liquors in a textile mill is usually a 
disagreeable topic for three distinct reasons: 


* Presented at the Philadelphia Section Meeting of the American Association of Textile 
Chemists and Colorists, March 4, 1938. 


534 

















Vol. 10, No. 3 TEXTILE WASTE DISPOSAL 535 


1. No two textile wastes are alike in character, nor can any two wastes 
be handled in exactly the same manner. The combined wastes 
from a mill change in character almost hourly and the waste 
from one department changes continually with changes in proc- 
essing methods and new developments. In fact, the most con- 
sistent thing about textile wastes is the fact that they will 
consistently change. 

2. The physical treatment and handling of textile waste liquors is far 
more difficult than the treatment of ordinary municipal sewage. 
Generally, it is more difficult to dispose of the sludge and very 
often hard and obnoxious problems come up. A good example 
of an obnoxious problem is as follows: 

We know of a plant which formerly used a compound contain- 
ing about 20 per cent cresylic acid in its yarn-scouring opera- 
tions. ‘The yarn-scouring waste liquors composed only a small 
percentage of its total volume of waste liquors, all of which were 
emptied into a fairly large river, yet a municipal water plant 25 
miles downstream complained of bad tastes and odors due to 
chlorinated phenols when chlorine reacted with cresylie acid. 
The complaint was settled by changing the mill’s yarn-scouring 
formula to eliminate cresylic acid. Nothing else was needed in 
the way of pollution abatement. 

3. Very few mills, either old established concerns or modern mills, have 
ever made up, as a separate justifiable budget item, an account 
for taking care of waste liquors. A large number of mill owners 
have for years looked upon any money or effort spent for dis- 
posal of waste liquors as an added overhead burden or invest- 
ment from which no tangible return could ever be expected. 
This latter reason is probably the most disagreeable of the three 
mentioned and rightly so. 


However, disagreeable or not, the problem still remains and it is 
one that cannot be handled in a hit-or-miss fashion. Many of you will 
be approached by persons with a story similar to this: ‘‘We have here 
a process. Build your disposal plant in accordance with these exact 
plans. Add so many grains of alum, or copperas, or phosphates, or 
activated carbon, or what have you, per gallon. Then add so many 
parts per million chlorine. Mix, coagulate, settle, recirculate sludge, 
empty the effluent into the stream, and pay us a small royalty. It will 
be perfectly safe, ete.’’ The problem, gentlemen, is not so simple as 
that. This whole situation might be a relative Utopia if such were 
true. It is true that liquors from certain mills will be handled more 
easily than those from others and that in some few cases recognized 
sewage treatment methods may be applied, but for the most part the 
problem at each plant is individual, which will require time and effort 
before the best and most economical treatment is established. If 
patent-medicine treatments are applied, the owner will wake up one 
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fine day with an ache in the head and an even bigger ache in the pocket- 
book. He’ll have a fine looking disposal plant on his hands which does 
nothing. The key to the situation is this: The textile man must not 
look upon the waste disposal problem from the viewpoint of a textile 
man, but he must completely re-orient himself to the viewpoint of a 
sewage man. We do not mean that the textile technician’s experience, 
common sense, and sound business reasoning are to be discounted, but 
that waste treatment cannot be viewed in the same light as a proposed 
change in a bleaching or scouring procedure, or a change in weaving 
methods, or cloth construction. The textile man to a degree must 
become a sewage man whether he likes it or not. He must become ac- 
customed to thinking in such terms as parts per million, B.O.D. (bio- 
chemical oxygen demand), grains per gallon, suspended solids, and for- 
get completely such measurements as degrees Twaddell, and such 
terms as ‘‘sour,’’ ‘‘handle,’’ ‘‘chemic,’? and percentage by weight 
formulae. He must also forget about Special Oil KW-60, which is 
doing fine work in his dye bath, and Softener No. 22, which is working 
wonders on his Style No. 866 goods, and consider the lowly heavy 
chemicals, such as copperas, alum, lime, and phosphates, which not 
only fail to bear mysterious letters and lordly labels, but which gen- 
erally may be purchased by the ton for less than the cost of 100 Ib. 
of the average textile specialty. In other words, waste treatment re- 
quires that we come down to basie scientific facts and ways of thinking 
and that we avoid all rule-of-thumb methods and patent medicine or 
specialty cures. 

The problem, therefore, becomes one which not only requires physi- 
eal and chemical alterations, but one that makes mental readjustment 
almost a necessity. 

We may outline an approach as follows: 

1. Assume the mental attitude of a sewage treatment man who 
weighs his problem carefully against stream flow, upriver pollution, 
downriver use of stream, the added hazard of dangerous proximity to 
public water supply intakes, and other factors which added together 
determine the capacity of the stream to absorb the shock without crea- 
tion of nuisance. 

2. Study carefully the regulations of the stream pollution authority 
having jurisdiction and determine the degree of treatment to which the 
effluent of the plant must conform before it is released. 

3. Consider thoroughly any changes in the present methods of plant 
operation which may ease the disposal problem. To emphasize the 
above, we need ask only a few pertinent questions. 

a. Can old dyeing machines be replaced with new type machines which 
require smaller volumes of dye liquor? 

b. Will the application of counter-flow washing principles reduce the 
waste liquor volume sufficiently to make the installation an eco- 
nomical one? 

c. Can certain dyestuffs, which aggravate the disposal problem, be 
avoided in favor of others which may be more easily handled? 
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d. Are the effluents from the last one or two washers, of a group con- 
nected in series, sufficiently clean for re-use, or if they cannot be 
re-used economically, are they sufficiently pure to be run directly 
into a stream rather than increasing the volume of liquor to be 
treated? 

e. Can the frosted wool or the solvent method of wool-secouring be sub- 
stituted for the soap-soda ash method? 

f. Will it be economical to recover caustic soda by dialysis or cen- 
trifuging and evaporation? 


In other words, can the discharge of valuable chemicals into the stream 
be partly avoided by modernizing equipment and methods? 

4. Determine carefully whether the waste liquors can be handled 
directly by the municipal sewage plant. Determine also whether the 
waste may be subjected to a mild treatment at the plant and then run 
into the municipal sewers. This method is generally the most satis- 
factory method of handling waste liquors, but it necessitates complete 
cooperation between mill and sewage plant. It may be necessary for 
the mill to construct holding tanks for its liquors and to release definite 
volumes, at times agreed upon by the sewage plant management, and 
which have been partially treated to the degree requested. 

d. If a disposal plant must be constructed for the mill, have the 
technical staff consult with competent authorities and set up a pilot 
plant for complete trials in order that the physical and chemical treat- 
ment of the waste may be worked out in the most economical and satis- 
factory manner. It is important that this be done before preparation 
of plans for the final plant, unless there is good reason to believe that 
previous experience with similar wastes justify basing plant design on 
experience gathered elsewhere, rather than in your own plant. Other- 
wise, much money and nervous energy will be dissipated with small 
return. 

6. It is important when large scale operation begins that the dis- 
posal plant have competent management or it will become a problem 
child. The fact that a second hand or foreman knows the ‘‘art of 
finishing’’ or the ‘‘art of sizing’’ does not by any means indicate that 
he can properly supervise a waste disposal plant. We cannot stress 
too much the necessity of controlled operation for satisfactory results. 
Waste disposal under poor supervision can become another fly in the 
ointment, such as the recession, C.I.0., or unfavorable trade treaties; 
but under careful, conscientious management, it can become another 
smooth-working department of which a mill may well be proud. 


We once read in a British textile journal a statement somewhat to 
the effect that ‘‘more hearts and pocket-books have broken over textile 
waste problems than any other one activity in the British textile in- 
dustry,’’ and with this as a leading thought we conclude these remarks 
with the suggestion that each plant’s problem be considered separately 
for waste disposal problems and to beware of the specialty produet— 
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its miracle helpeth you not. Sewage is real—it stinketh—it leaveth 
nothing to the imagination. Beware also of the proprietary or pa- 
tented process for, like the mule, it is without pride of ancestry or hope 
of posterity. 

The processes of sewage treatment are well established and under- 
stood—their good points proved—their limitations admitted; and, in 
the words of Potter ‘‘The search for a chemical that will completely 
deodorize, stabilize, and purify sewage belongs in the same category 
as the search for the Fountain of Youth.”’ 














Stream Pollution 





SOME FACTORS AFFECTING THE AEROBIC DECOM- 


POSITION OF SEWAGE SLUDGE DEPOSITS * 
By H. G. Barry 


Professor of Sanitary Engineering, Division of Public Health, University of North Carolina, 
Chapel Hill, N.C. 


The suspended matter in discharged raw sewage has a very im- 
portant influence on the physical appearance and the chemical quality 
of the water of the receiving stream. Some of the suspended solids 
float to the surface, but the settleable matter precipitates and forms 
sludge banks on the beds of waterways, the amount, character and 
location of which depend upon the nature of the sewage and the condi- 
tions of stream or tidal flow. Instances have been cited where such 
deposits attained depths of several feet and extended for many miles 
along sluggish streams. Sludge banks of this organic character un- 
dergo continuous decomposition through the ageney of bacteria and 
other forms of aquatic life, thereby robbing the overlying water of its 
dissolved oxygen. In spite of an apparently sufficient dilution of 
stream water to care for wastes being received, the constant abstraction 
of additional oxygen from the stream by the deposited sludge may pro- 
duce conditions that are unanticipated and extremely objectionable. 
This question of the decomposition of sludge deposits is one of primary 
significance in the study of stream pollution and self-purification, and 
is a subject about which comparatively little has been known. The 
nature of the biological life which is operative, its biochemical oxygen 
demand, the rates of oxidation of the organic matter, and the various 
factors which influence this activity are matters of the greatest im- 
portance in interpreting existing conditions and forecasting conditions 
which may prevail in polluted waters. Under stream conditions the 
transformation of putrescible organic materials into more stable organic 
forms, and finally into inorganic and inert compounds, is desirably a 
process of oxidation, and it is one of the problems of sewage disposal 
by dilution to bring about such changes without the creation of septic 
conditions. Theoretically, sewage should be diluted sufficiently to al- 
low reaeration and other agencies to supply the oxygen requirements of 
the polluting materials under critical conditions and prevent septicity 
while the organie wastes are being carried to bodies of water affording 
greater dilution. Deposits of sludge may upset such calculations. The 
rate of oxygen demand of the biological agencies at work in the de- 
posited, as well as the suspended and dissolved, material is therefore 

* Presented at the Seventeenth Annual Convention of the North Carolina Sewage Works 
Association, Wilmington, N. C., August 27, 1937. 
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the principal factor in determining the extent to which a stream may 
be safely loaded. 

The phenomena attending the oxidation of sewage sludge deposits 
are probably not unlike those which prevail in the aerobie processes of 
sewage treatment. All such methods depend upon the presence of 
atmospheric oxygen to support aerobie life and effect the stabilization 
of organic matter without putrescence. Environmental factors which 
are favorable in one case may be favorable in all, and the active organ- 
isms are doubtless the same or similar ones with common life habits 
and requirements. It is reasonable to expect that general laws govern- 
ing the activity of biological life in the aerobic decomposition of sludge 
banks can be applied in large measure to all aerobic processes of sewage 
treatment. The purpose of this study was to determine some of these 
basic factors, their effects and relationships. An effort was made to 
simulate the conditions which would be found in nature. The sludge 
chosen was freshly settled, and in its constituents represented deposits 
which might be expected in an average stream below a sewer outlet. 
Oxygen was applied dissolved in clean water, and the method of ap- 
plication approximated that of a flowing stream. The greatest care 
was taken in all technique and determinations to minimize experimental 
error. 

Objectives of Experiment 


The primary objectives of the investigation were the following: 


1. The determination of the total biochemical oxygen demand of a 
typical sewage sludge for essentially complete stabilization, and the 
characteristics of this B.O.D. curve. 

2. The effect of the concentration of dissolved oxygen in the super- 
natant water upon the rate of oxvgen demand of the sludge. 

3. The effect of the depth of the sludge deposit upon the rate of 
biochemical oxygen demand. 

4. The effect of sunlight upon the organisms of aerobic decomposi- 
tion, as reflected in the rate of oxygen demand. 

d). The effect of temperature upon the rate of aerobic stabilization 
of the sludge. 

6. The effect of salinity of the supernatant water upon the rate of 
oxygen demand. 

7. The character and changes of the bacterial and protozoan life in 
sludges digested under different conditions of oxygen supply, sludge 
depth, light, temperature and salinity. 


Methods and Technique 


The measurement of oxygen used in the decomposition of sludge 
under different conditions was accomplished through a principle very 
simple in theory, but difficult in practicee—that of measuring the deple- 
tion in the dissolved oxygen content-of clean water flowing continuously 
and at uniform rates over the various samples of sludge deposited on 
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the bottoms of sealed containers. In Fig. 1 is shown a sectional view 
of such a container with its piping and appurtenances. Ordinary com- 
mercial glass carboys of twenty-liter capacity were employed as re- 
action chambers. The rubber stopper closing the neck of the carboy 
was bored to receive a thermometer and the three small glass tubes 
serving as influent pipe, effluent pipe and sludge sampling pipe. ‘These 
connections through the stopper were sealed against air leaks by water 


held in a rubber collar around the neck of the earboy. 
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lig. 1.—Aerobie sludge digestion apparatus. 


At its upper end the influent tube was connected to a large enamel- 
lined tank in which aerated city tap water, free of chlorine or other 
purification chemicals, was stored and maintained at constant level and 
at practically uniform temperature and dissolved oxygen saturation 
values. <A glass stopcock in this line served as a delicate flow regulator. 
Inside the carboy this influent line extended to a point about one inch 
above the surface of the sludge and was bent on a long radius to bring 
the discharge end near the wall of the carboy, with the tip bent at a 90 
degree angle so as to discharge the water horizontally. 


With this 
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horizontal and tangential discharge the incoming water was distributed 
uniformly over the sludge surface, avoiding scour and short-circuiting. 


XxX The outlet tube was connected from the bottom of the carboy stopper 





and terminated below the bottom level of the bottle, so as to permit 
measurement of the discharge for calibration of the influent throttle 
and frequent checking of rates of flow. With this arrangement of inlet 
and outlet devices there was a continuous spiral and upward motion of 
water within the container. A sludge sampling pipe extended to the 
sludge level in the carboy. Being bent and movable, it permitted 
sludge sampling at any circumferential point and any vertical depth. 
Samples were taken by opening the pinch-cock on this line and closing 
the cock on the effluent line to build up hydrostatic pressure. Tempera- 
tures were obtained from the thermometers.inserted into the carboys. 
The dissolved oxygen and hydrogen-ion concentrations of the super- 
natant water were obtained by determinations made at frequent in- 
tervals on samples of the influent and effluent of each carboy, collected 
without aeration. The oxygen consumption during any period of time 
was computed from the oxygen depletion of the water in passing 
through the container and the total flow for the period. All laboratory 
determinations were made in accordance with ‘‘Standard Methods”’ 
of the Ameriéan Public Health Association. 

Fourteen carboys of the type described were rigged up in a battery 
and so arranged and operated as to yield parallel results on the effects 
of such factors as sludge depth, oxygen concentration in supernatant, 
light, temperature and salinity. By comparing the results on various 
units or combinations of carboys any of these important factors could 
be studied. For the sake of accuracy, carboys A and 12, which con- 
tained very thin layers of sludge, were operated on a fill-and-draw 
principle; the others were run on the continuous-flow basis described 
above. The conditions under which each unit was designed to operate 
are given in Table I. 

Carboys 1 to 5 inclusive, in which all conditions were constant, ex- 
cept the rate at which water was passed over the sludge, were used for 
study of the effect of concentration of O. in the supernatant water upon 
the rate of oxygen demand. Carboys 3, 6, 7, 8, 9 and 12, in which all 
conditions were constant except sludge depth, were employed for the 
determination of the effect of this factor upon the B.O.D. rate. Like- 
wise Carboys 2 and 10 were used for the study of light effects, and Nos. 
2 and 11, the latter of which was maintained at a higher temperature 
in an electric incubator, were observed for the effects of thermal differ- 
ence. Carboys 2 and 13 were used to study the influence of a saline 
supernatant upon the rate of sludge decomposition. 


Characteristics of Sludge and Water 


The sludge used in this experiment was obtained from the Brockton, 
Massachusetts, sewage treatment plant and represents solids precipi- 
tated from the domestic and industrial wastes of a typical American 
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TABLE I.—Conditions of Operation of Experimental Units 
Car- Sludge Total Light Rate of Flow Nature Av. 
boy Depth, Sludge, vical of Water, of Temp., 
No. Cm. Grams Liters per Hr. Water sail 
A 0.089 49 Daylight Intermittent Fresh 21.2 
1 0.5 277 ss 1 he 22.5 
2 0.5 277 2 . 22.6 
3 0.5 277 3 ; 22.3 
+ 0.5 277 t #5 22.1 
5 0.5 277 5 : 21.9 
6 1.0 554 3 : 22.1 
7 1.5 83 3 22.1 
8 2.0 1108 3 21.9 
9 1.0 2216 3 21.9 
10 0.5 277 Darkened 2 22.6 
11 0.5 277 Daylight 2 28.7 
12 0.1 55 7 Intermittent sa 22.5 
13 0.5 277 2 Salt 21.6 
city. It was collected in a fresh condition and initial analyses showed 


the following characteristics : 


The fresh water 
carboys was from the 


Percentage dry solids. . Sate 
Percentage solids of organic nature. 


Total organic nitrogen, on dry basis. . 


Alkalinity, by methyl orange.................. 
Alkalinity, by phenolphthalein............. 


Hydrogen ion concentration... ..... 


1 


Total bacteria on gelatin at 20°C............ 


Total bacteria on agar at 37° C....... 2.6. ce... 


Colon bacilli . ; 
Protozoa, in cubic il sail ibis. 


Cambridge, 


6 So 
. 83:0 


37,500 p.p.m. 


.. 800 p.p.m. 
LG 
. 6.2 pH 


24,300,000 per c.c. 
14,000,000 per c.c. 
500,000 per c.c. 
220 per c.c. 


used for conveying oxygen to the sludge in the 
Massachusetts, municipal system, 


which is taken from surface sources and purified by plain sedimenta- 


tion, chemical coagulation, 
Its characteristics were as follows: 


lization. 
WP GEDIONY 2 oi cic2 oes aie 2 


Microorganisms......... 
Total hardness. - extn 
Alkalinity, by methyl orange. 


rapid sand filtration and final chlorine steri- 


30 
0 
28 p.p.m. 
19 p.p.m. 


CUCU TUT GL CoE A Ue ARE i anata ari ea Bk re Era Cera 8 p.p.m. 


Free chlorine. Bh inees4, 
Hydrogen ion eiaiadinda ation. 


Biochemical oxygen demand, bila. ST AL 


Dissolved oxygen. 


Total bacteria on agar at 37° a See ee 
(GEST 2 | SE ee a ES gS ng eo 
SoU Shy CGM TCV 1c Aa 8 0 OP ee ET 


al, 
7.0 to 7.4 
0.2 to 0.5 p.p.m. 
. Saturated 
1 to 2 
0 
2 to 3 days 
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The salt water used in Carboy 13 was prepared by dissolving ice 
cream salt in tap water to produce a salinity of 10,000 p.p.m. Cl, this 
salinity representing the average opposite Governor’s Island in New 
York Harbor. This water had a total hardness of 153 p.p.m., an al- 
kalinity of 31 p.p.m. and a pH value of 7.8. The bacterial content was 
the same as tap water. Sea water used for dilution purposes in con- 
ducting parallel B.O.D. tests as a check against the synthetic saline 
water was obtained from an unpolluted location near Nahant Beach 
and showed a chloride content of 19,000 p.p.m. Cl. It was filtered 
through paper, allowed to stand for three months in the laboratory and 
finally filtered through a Berkefeld filter before use. 


Results 
A. Torat BrocHEemMiIcaAL OxyGEN DEMAND OF SLUDGE 


Carboy A, previously described, was operated on an intermittent 
basis for the determination of the total oxygen demand and to study 
such characteristics of the demand curve as rates of demand, total time 
for stabilization and the fluctuations of rate during this time. The fill- 
and-draw principle permitted accurate determinations of the oxygen 
added to and withdrawn from the container, and yielded exact values 
of periodie and total demands. For this experiment the sludge depth 
was 0.089 em., corresponding to 2.32 grams of dry solids, or 1.97 grams 
organic solids, the average temperature 21.19° C. and the average con- 
centration of O. in the supernatant was 1.61 p.p.m. The resulting 
B.O.D. curve is shown in Fig. 2. During the first 48 hours the curve of 
oxygen demand rises abruptly due to the rapid oxidation of organic 
materials in solution and colloidal suspension, a general characteristic 
of such curves. Subsequently it flattens, and continues at a fairly 
uniform slope for about ten days. Then the rate of demand increases 
and the curve becomes concave upward until about the fifteenth day. 
This phenomenon, too, is characteristic, and is ascribed to the ascend- 
eney of nitrifying bacteria. However, the secondary stage is here not 
so pronounced as is usual in determinations on sewage and other liquid 
wastes, due to the masking effect of the slow but continuous conversion 
of sludge solids into forms that can be assimilated by the various forms 
of bacteria present. Following this stage the curve becomes only 
slightly concave downward and continues in a practically straight line 
with a decidedly upward trend until the demand is essentially satisfied 
at the end of 36 days. In this latter respect the curve departs from the 
ordinary B.O.D. characteristic, due to sustained conversion of solids. 

For Connecticut River sludge banks Rudolfs (1) found first-stage 
20° C., B.O.D. values ranging between 40,000 and 110,000 p.p.m. on the 
basis of volatile solids, the demands apparently varying with the char- 
acter and age of the deposits. Clark (2) experienced first-stage values 
corresponding to a range of 21,000 to 173,000 p.p.m. at 20° C. on the 
basis of organic solids contained in the bottom deposits of the Charles 
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River when these were decomposed in fresh water. His average value 
was about 66,000 p.p.m. Theriault and MeNamee (3), in connection 
with their studies on partially stabilized sludge from the artificial 
stream of the U. S. Public Health Service laboratory at Cincinnati, 
report first-stage 20° C. values of about 154,700 p.p.m. of total solids, 
corresponding presumably to about 240,000 p.p.m. on the basis of 
organic matter. The British Royal Commission (4) in its examination 
of muds from heavily polluted rivers found demands which, when 
converted to 20° C., varied between 23,000 and 173,000 p.p.m. of volatile 
solids. In the experiment of the author, using freshly precipitated 
sewage sludge which was unmixed with stream silt, the 10-day B.O.D. 
at 21.2° C. was 244,000 p.p.m. based on organic solids. After 36 days, 
when the stabilization of the film was essentially complete, the demand 
exercised had been 635,000 p.p.m. on a volatile solids basis. 


B. Errect or ConcENTRATION OF OXYGEN IN SUPERNATANT WATER ON 
Rate or BiocHEMICAL OxyGEN DEMAND 


It seemed reasonable to expect that the amount of dissolved oxygen 
available in a stream or tidal estuary might have an important in- 
fluence on the activity of the biological life at work in the sludge which 
‘arpets its bottom, and so regulate the rate at which oxygen is extracted 
from the water for the support of this life. Theriault (5) has stated in 
connection with his investigation of the first-stage characteristics of the 
deoxygenation curve that, within wide limits, the rate of oxygen de- 
mand is quite independent of the amount of dissolved oxygen present. 
However, Theriault, McNamee and Butterfield (6) express the conclu- 
sion that in longtime B.O.D. tests nitrification is adversely affected 
when the dissolved oxygen falls to 2 p.p.m. or less, corresponding to a 
depletion of 75 per cent or more. Heukelekian (7) in his study of the 
Raritan River appears to confirm this belief, and states that nitrifica- 
tion increased with D.O. concentrations of 80 per cent saturation, or 
more, while a marked decrease was noted when the oxygen content 
dropped to 60 per cent saturation, and below. This latter effect he 
attributes to reduction in localized anaerobic zones of the river. Since 
the processes of oxidation of both the carbonaceous and nitrogenous 
materials are operative and significant in the long-time decomposition 
of sludge deposits, it was hoped that the technique of this experiment 
might throw some additional light on this important question. 

Carboys 1, 2, 3, 4 and 5 used in this study were identical except for 
the rate of water flow, which was varied in the several containers to 
produce widely different values of dissolved O. in the water overlying 
the sludge. The concentration was at times reduced to 0.1 or 0.2 p.p.m. 
in No. 1, while the effluent from No. 5 often showed more than 6.0 p.p.m. 
After 36 days of continuous operation, the flow of water was stopped 
and the earboys were allowed to stand in a septic condition for 72 days, 
so that subsequent rates of oxygen demand could be observed and com- 
pared. The sludge depth in the five carboys was 0.5 em. They were 














Vol. 10, No. 3 DECOMPOSITION OF SEWAGE SLUDGE DEPOSITS 547 


all exposed to daylight and fresh water was used as the oxygen vehicle. 
The average temperature of the several containers varied from 21.9° to 
23.6" ©. 

The results of this study are shown graphically by the curves of Fig. 
3. For the purpose of comparison, the mass curves of oxygen demand 
for the five carboys have been plotted with elapsed time as abscissae, 
while the ordinates represent the cumulative amounts of oxygen used. 
The slope of a curve at any point would represent the rate of demand at 
that time. Here the total B.O.D. of the sludge was not a matter of 
interest; the relative demand under different conditions of oxygen 
supply was the subject of study. For this reason, and to conform to the 
requirements of the continuous-flow technique it was necessary to neg- 
lect the initial oxygen demands. Flow was started through the carboys 
24 hours before O. determinations were begun, which accounts for the 
absence of an abrupt rise in the curves at the beginning. It is observed 
that the curves constitute a close sheaf of approximately parallel lines, 
having uniform slope and, therefore, indicating fairly constant rates of 
O,. demand. While they are not coincident, the curves diverge com- 
paratively little, and it is interesting to note that they cross and recross 
each other during the experiment. Such variations may well be due to 
slight variations in the character of the sludge samples and to minor 
experimental.errors. The important observation is that the amounts 
of O. used up in each of the containers were essentially the same within 
the period of 852 hours. The ordinates at this point show the lowest 
QM, consumptions (3,413 and 3,415 mg.) in Carboys 1 and 5, the ones 
with lowest and highest dissolved oxygen concentrations, respectively. 
Next is No. 4, then No. 2 and the highest demand is in No. 3. The 
scatter of values is within 6 per cent of the mean, a deviation which is 
well within the range of expectancy. 

After a 72-day period of septicity, the curves show practically the 
same slope as before. This indicates that a sludge deposit lying under 
a deoxygenated blanket of water for a period of time may undergo 
partial anaerobic digestion, but when oxygen is again available the 
aerobic processes are resumed immediately and proceed at essentially 
the same rate as before. 

It appears from these results that the aerobic processes of sludge- 
bank decomposition proceed at the same rate regardless of the concen- 
tration of oxygen in the overlying water, provided absolute depletion 
is avoided. It seems reasonable that, insofar as oxygen requirements 
are concerned, this finding might have application to the aerobic proc- 
esses of sewage treatment, such as activated sludge and trickling filters. 


C. Errect or SuupGe Deprra on Rate or OxyGcen DEMAND 


The purpose of this study was to determine the relationship between 
the depth of sewage sludge deposit and the rate at which oxygen is 
absorbed from the overlying water. Carboys having sludge depths of 
0.1, 0.5, 1.0, 1.5, 2.0 and 4.0 centimeters were employed. Since it was 
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found that the O. concentration of the supernatant has no influence on 
the rate of demand, the average results for carboys 1 to 5 were used for 
the 0.5 em. depth. As in the other studies, water was passed through 
the containers for 852 hours, flow was then stopped for 72 days, and 
afterwards resumed for a period. The conditions prevailing in these 
carboys and the significant results are presented graphically in Fig. 4. 
As in the previous experiment these curves represent the cumulative O, 
consumption of the various units, with their slopes indicating rates of 
demand. In Table II are shown the cumulative amounts of oxygen 
used and the average rates of oxygen demand for the several units dur- 
ing the initial 852-hour period. 


TABLE IT.—Variations of Oxygen Demand with Sludge Depth at 22. C. 


— = ~~ 


| | 
Carboy | Sludge | Cumulative | B.O.D. ee 

No. | Depth | Oxygen Used | eee 
ey | ae | Meter Sludge Area 
12 | 0.1 em. 1,079 mg. 545 
I-35 | 0.5 em. 3,630 mg. 1,840 

6 | 1.0 em. 5,637 mg. 2,890 

7 1.5 em. 6,727 mg. 3,450 

8 2.0 em. 7,344 mg. | 3,765 

9 j 1.0 em. | 10,075 mg. | 5,170 


It is seen that the amounts and rates of oxygen used during the same 
period were not in direct proportion to the sludge depths. Increased 
depths demanded more oxygen, but the relationships were not arithme- 
tical. A sludge layer of 0.5 em. thickness required only 3.36 times as 
much as the 0.1 em. layer. Between the 0.5 and 1.0 em. depths the ratio 
was 1.55; between 1.0 and 2.0 em. the ratio was 1.3; and between 2.0 and 
4.0 em. thicknesses the ratio was 1.37. 

To show more clearly the relationship, a curve is given in Fig. 5 
which is prepared by plotting the sludge depths in centimeters against 
the average rates, in milligrams per square meter per day, of oxygen 
used during the 852 hour period of aerobic action. This graph has a 
shape approximating that of a parabola; an equation of the general 
form, y = ax’; and plots as practically a straight line on logarithmic 
paper. Although the curve is not a true parabola, the equation which 
expresses the relationship at 22° C. is approximately: 


Y = 2700 X"** 


where X is the depth of the sludge in centimeters and Y is the rate of 
oxygen demand, in milligrams per day per square meter of sludge sur- 
face. The rates of O, demand prevailed quite uniformly throughout 
the period of the experiment. Aerobic decomposition is thus shown to 
be primarily a surface phenomenon, the stabilized materials being 
transformed into colloidal materials which pass away and leave fresh 
surfaces of undigested sludge exposed until the whole mass is trans- 
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formed. In case of the deeper layers it was observed that there is 
actually some increase in the rates of O, demand with time. This is 
due to gas formation from anaerobic digestion in the lower portions of 
the deposit and its ebullition, which caused disturbances of the surface, 
with the result that new sludge and greater areas were exposed to the 
water and subjected to aerobic biological action. 

Again it is interesting to note that with all depths of sludge the rates 
of O. demand under aerobic decomposition are not appreciably affected 
by an intervening period of septic action. 

During the experiment it was observed that sludge layers of depths 
of one centimeter and less maintained themselves without disruption, 
while deposits of 1.5 em. and more were from time to time stirred up 
and their surfaces broken by the upheaval of gases formed by anaerobic 
digestion in their lower layers. The oxygen of the supernatant water 
is not diffused to any great depths in sufficient quantities to support 
aerobie life. Even in thin blankets of organie river deposits, gas- 
forming anaerobes are at work in the lower layers at the same time 
oxidation processes are taking place at the sludge surface. It is in- 
dicated that the critical depth for stability of fresh sludge deposits is 
not more than one centimeter—the limit of oxygen diffusion—and that 
the greater rate of oxygen absorption by deeper deposits is due in part 
to the oxygen demand of the gases evolved from anaerobic processes, 
and in part to the stirring action of these gases which bring new and 
greater sludge surfaces into contact with the water. 





D. Errect or SuNLIGHT ON Rate or OxyGEN DEMAND 


It was considered possible that light might have either a direct effect 
upon the types and activity of the bacterial and protozoan agencies of 
decomposition, or an indirect effect on the photosynthesis of accom- 
panying algal forms of life, that would be measurable in the oxygen 
requirements of sludge digested under conditions of light and darkness. 
In its practical application to stream pollution problems this question 
is important; it is desirable to know the relative amounts of oxygen 
from atmospheric sources required by sludge deposits digesting in open 
sunlight, in shade, at great depths, or under the water of turbid or 
colored streams. 

In the experiment one carboy, No. 10, was completely darkened and 
operated in parallel with the series, Nos. 1 to 5, in which all influencing 
factors were identical, except light conditions. The results of this com- 
parison are shown graphically by the curves of cumulative oxygen de- 
mand in Fig.6. At the end of 852 hours the oxygen consumption under 
daylight conditions was 3,630 mg., while, in the absence of light, the 
same amount of sludge had demanded 3,601 mg.—a remarkable agree- 
ment. At the end of the experiment, following the intervening period 
of septicity, the total demand under each condition was exactly the 
same, 4,120 milligrams. Bacterial-and microscopic examinations failed 
to show any great difference in the fauna and flora living under the dif- 
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ferent light conditions. No vegetable forms of organisms, subject to 
photosynthesis, were found at any time in any of the carboys. This, of 
course, was due to the limited period of retention of the water in the 
containers. Under actual stream conditions, where algal forms are 
known to grow in abundance with favorable factors of oxygen, sunlight, 
time, temperature and food, their contribution of oxygen would doubt- 
less be measurable, and of importance in the economy of the stream. 
Many investigators have shown the significance of the oxygen con- 
tribution made to streams and lakes by algal forms of life. Purdy (9) 
has recent!y demonstrated that, under certain conditions, the oxygen 
derived from this source is sufficient to supply the demand of the 
aerobic bacteria at work in a heavily polluted water. 


E. Errect or TEMPERATURE ON RATE OF OxYGEN DEMAND 


It is well known that temperature is one of the most important en- 
vironmental factors governing most forms of biological life. Investi- 
gators of the United States Public Health Service (5), (10), (11), (12), 
(13), (14) and others (15), (16), have made extensive studies on the 
relationships between temperature and rates of deoxygenation, as 
reflected in the standard B.O.D. determination. From masses of ex- 
perimental data, a formula, generally known as the Phelps formula 
(10), has been derived to express this relationship. It was the objective 
of our study to determine the effect of temperature, within narrow 
limits, on the rate of aerobic sludge decomposition and to see whether 
this process conformed to the basic laws previously deduced from re- 
lated experiments. 

One carboy, No. 11, was enclosed in an electric incubator, together 
with a coil of water-supply piping, and maintained at an average tem- 
perature of 28.7° C. Results were compared with those from the 
series, Nos. 1 to 5, operated at 22.3° C., and having all effective condi- 
tions identical, except the temperature factor. Due to lack of addi- 
tional incubators of large capacity, the experiment was unfortunately 
limited to these two temperatures. Later studies will include a greater 
‘ange. 

The results are shown graphically in the cumulative oxygen demand 
curves of Fig. 7. These curves are of generally uniform slope and at 
the end of 852 hours show the amount of oxygen used at 22.3° C. as 
3,630 mg., while at 28.7° C. the consumption was 5,867 mg. Following 
the period of septicity the relative rates were the same. The ratio of 
demand between these two temperatures is 1.62. 

The formula proposed by Phelps (10) is based upon the assumption 
that the rate of deoxygenation at any time is directly proportional to 
the amount of organic matter present in a B.O.D. sample, and is as 
follows: X = In (1— 10‘), where X is the oxygen demand for t¢ days; 
I. is the oxygen absorbed during the first, or carbon-oxidation, stage; 
K is the deoxygenation constant, depending on temperature; and ¢ is 
the time of incubation in days. The value of the deoxygenation con- 
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stant, K, for different temperatures varies according to the following 
relationship: K,= Koo (1.0477—*°), where K, is the constant at any tem- 
perature, 7° C.; and K.» is the value of the constant at 20° C., which 
equals 0.100. 

Assuming an arbitrary value of (Za).. = 100 for comparative pur- 
poses, using the value of K., = 0.100 and a value of ¢ (the average time 
of exposure of each colloidal particle with the water passing through 
the carboy) equal to 0.5 day, the values of (La), K,and X, were com- 
puted for temperatures between 10° and 40° C. From these relative 
values, the observed value for the rate of oxygen demand at 22.3° C. 
was adjusted to give the rates at which O, would have been absorbed by 
a like thickness of sludge at these various temperatures according to 
the Phelps formula. Figure 8 shows these values plotted as a curve 
passing through the observed value at 22.3° C. The observed value of 
rate of O, demand at 28.7° C. is seen to fall slightly off the theoretical 
curve. It appears, therefore, that the relationship between tempera- 
ture and the rate of aerobic decomposition of sludge deposits is ex- 
pressed with reasonable accuracy by the biological formula proposed 


by Phelps. 


F. Errect or Sauinity oF SuPERNATANT WaTER ON Rate oF OxyGEN 
DEMAND 


When it is considered that the sewage from perhaps 10,000,000 peo- 
ple in this country is discharged in a raw condition, or with the most 
meagre treatment, into tidal estuaries, the question of the effect of the 
salt water upon the ultimate decomposition of the resulting sludge 
deposits becomes one of great sanitary importance. Most tidal waters 
provide a favorable condition for the settlement of suspended matter. 
Opinions of sanitarians have differed widely regarding the effect of 
salinity upon the biological processes; some experts have maintained 
that oxygen is abstracted more rapidly under salt water conditions and 
that septicity occurs more readily in salt water with a given amount of 
organic pollution. Clark (2) reports an average first-stage oxygen 
demand of Charles River mud of 76 grams per kilogram of volatile mat- 
ter when incubated under fresh water at 26.7° C., while the same deposit 
incubated for the same time and at the same temperature under salt 
water required an average of 143 grams of O. per Kg. of volatile solids. 
The Metropolitan Sewerage Commission (17) expressed the view that 
sewage solids settle more readily in salt water than in fresh water and 
that fresh water will dispose, in a normal manner, of more sewage than 
sea water. Heukelekian (7) in his study of the Raritan River observed 
that admixture of sea water below Perth Amboy caused a sharp de- 
crease in nitrification. The purpose of this study was to observe the 
effect of salinity on the biological agencies of aerobic decomposition as 
reflected in the relative rates of oxygen consumption under fresh and 
salt conditions. 
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Carboy No. 13 was operated with salt water, having a chloride con- 
tent of 10,000 p.p.m. Cl, as the oxygen-carrying vehicle. The series of 
sarboys, Nos. 1 to 5, using fresh water, but with all other effective con- 
ditions identical, was operated as a control. The results of this com- 
parison are shown by the cumulative oxygen demand curves of Fig. 9. 
These curves are of fairly uniform slope, and at the end of 852 hours 
the sludge in the salt-water container had used 1,980 milligrams of 
oxygen, while the control series had used 3,630 milligrams. The ratio 
between the two was 1.83. A long period of septic action did not ap- 
pear to affect the relative rates when the aerobic experiment was 
resumed. 

Since it was possible that the synthetic sea water prepared from 
erude salt did not truly represent natural sea water, a series of B.O.D. 
tests was conducted in the standard manner, using strained fresh sew- 
age as the pollutional material and with parallel series of samples pre- 
pared identically with dilutions of tap water and clean sea water of 
19,000 p.p.m. Cl salinity. Two groups of the samples of each character 
were incubated simultaneously and in the same incubators at 20° C. 
and 25° C. for a period of 50 days. Periodically sub-samples were re- 
moved for oxygen analysis. The results obtained were used for the 
construction of comparative longtime B.O.D. curves, which are pre- 
sented in Fig. 10. The shapes of these characteristics are interesting, 
particularly the primary and secondary phases of demand in the fresh- 
water curves, and the almost complete absence of any indication of 
secondary nitrification phase in the salt-water curves. At the end of 
the 50-day period the oxygen depletions of the identical samples were 
as follows: 


Character of Dilution Oxygen Depletion 
At 20° C. At 25° C. 
50:1 Stabilized Tap Water............. 9.71 p.p.m. 10.380 p.p.m. 
50:1 Clean Sea Water................. 3.73 p.p.m. 4.42 p.p.m. 


Here it is observed that the amount of oxygen used by a given amount of 
organic matter in fresh water was about 2.5 times that used in salt 
water for the same period. This ratio is even greater than that ob- 
served in the carboy experiment, due to the higher salinity of the dilu- 
tion water, and confirms the effect of salt upon the B.O.D. rate. Other 
parallel tests were conducted, using fresh, synthetic and sea water as 
dilutants, which verified the carboy results and indicated, further, that 
the B.O.D. rate is almost in inverse proportion to the salt concentration 
of the supernatant water. 

These significant results may be interpreted as meaning that, other 
conditions being equal, a greater amount of deposited sludge may 
underly salt than fresh water without depleting the dissolved oxygen 
supply. In a location such as New York harbor the ratio would be 
about 1.8 to 1.0 if the waters carried equal amou.ts of dissolved oxygen. 
However, when differences in O, saturation values and reaeration rates 
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are considered, the relative effects on the dissolved oxygen content of 
the water of a given deposit of sludge would be in the approximate 
ratio of 1.6 to 1.0. On the other hand, under conditions of heavy pollu- 
tion, the formation of sludge banks would be more rapid in salt than in 
fresh water, other conditions being equal. The precipitated organic 
sediment must eventually undergo decomposition of some type. So, 
it would continue to accumulate in larger and larger volumes, with the 
aerobic and anaerobic processes of digestion, diminished in rate by the 
salinity of the water, unable to keep pace with the rate of deposition. 
Some light may be thrown upon the scientific reason for this phe- 
nomenon by the observations on biological life which follow—particu- 
larly the absence of protozoan forms in the salt water. 


BACTERIAL AND Protozoan Lire In StupGeE Durina Decomposition 


It was desirable to have full knowledge of the biological life existing 
in the several containers under the varying conditions. However, the 
author was without assistance and the attention and numerous de- 
terminations involved in this continuous experiment made it impossible 
to engage in the tedious and time consuming work of identifying and 
differentiating the various species of bacteria and protozoa. The gen- 
eral and simpler bacteriological and microscopic examinations were 
conducted throughout the experiment. At intervals of two or three 
days determinations were made of the total bacteria counts on gelatin 
at 20 C. and on agar at 37° C., the B. Coli population and the protozoan 
life. It was considered sufficient to make these studies on only one 
carboy representing each of the primary conditions. 

The results of the total bacteria counts on nutrient gelatin incubated 
at 20° C. for 48 hours for Carboys 6, 10, 11 and 138 are shown by the 
curves of Fig. 11. Time is represented as abscissae plotted ona natural 
scale, while the counts are plotted as ordinates on a logarithmic scale. 
At the beginning, each sludge showed a total count of 24,350,000 colonies 
per ee. After 72 hours the count was greatly reduced, due to the re- 
adjustment of the bacterial life. Subsequently the population of all 
samples increased rapidly until saturation values were reached. The 
curves then flattened out and remained essentially horizontal, except 
for some erratic variations, until the end of the test. The average 
counts of the sludges kept at room temperature and under daylight, 
darkened and saline conditions were about the same, 60 million per c.e. 
The high-temperature container showed an average count of about 110 
million per ¢.e. 

Figure 12 shows the corresponding total bacterial counts on nutrient 
agar incubated for 24 hours at 37° C. Initially all the sludges con- 
tained 14,000,000 bacteria per ¢.c. As in the previous case, the agar 
counts indicated a very great reduction of 37° organisms at the end of 
72 hours, except in the high temperature container. Subsequently the 
counts mounted rapidly, and were quite erratic throughout the experi- 
ment. Toward the end of the period there was an appreciable decrease 
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in all ecarboys. The high-temperature unit had an average population 
during the period of about 30 million per c.c.; the others did not vary 
widely or significantly, and averaged about 15 million organisms per ¢.c. 

Figure 13 shows the fate of colon bacilli during the period of the 
experiment. At the beginning the sludge contained 500,000 B. Coli per 
e.c. The die-away was very rapid in Nos. 6, 10 and 11, a reduction from 
the initial value to 100 per e.c. taking place within the first 200 hours. 
The mortality in these three units continued at a high rate until the end 
of the test, when it was practically complete. In the salt-water carboy, 
however, it is significant that the B. Coli suffered a relatively slow and 
small diminution to 5,000 organisms per ¢.c. at the end. It is apparent 
that some preservative or vitalizing effect is exercised by saline water. 
Hotchkiss (18) states that sodium chloride begins to exert a toxic 
action on B. Coli between one and two molar concentrations (35,000 to 
70,000 p.p.m. Cl). Heukelekian (7) found that 7.5 per cent of sea 
water mixed with the water of a polluted stream (about 1,400 p.p.m. Cl) 
exercised no appreciable effect on the B. Coli population. 

In Fig. 14 are shown the results of microscopic examination of the 
sludge of the four test carboys during the experiment. Values are ex- 
pressed in cubic standard units of organisms. At no time were any 
algal forms of life identified in the samples, due to the flow conditions 
in the carboys, but in some cases as many as fifty species of protozoan 
organisms were found working simultaneously in the sludges. Initially 
there were present in the sludge about 1,000 organisms per c.c. of 
various flagellate protozoa, the majority of which were identified as 
Cryptoglena, comprising a volume of about 220 eubie standard units 
per c.c. In Carboys 6, 10 and 11 there was an early rapid increase in 
number of organisms, and during the period of the test the progression 
in forms from the smallest unicellular flagellates to the larger infusoria 
was most interesting. The various species would often succeed each 
other very rapidly. One form would become well established, only to 
be destroyed within a small period of time by the ravages of a more 
potent organism which had gained the aseendency. This accounts for 
the great variations in the curves of Fig. 14. The average protozoan 
content of the sludges under fresh water conditions was about 20,000 
cubie standard units per c.e. 

The most significant observation was the disappearance within the 
first 24 hours of all forms of protozoan life from the salt-water carboy. 
At no later time did this form of life reappear. Butterfield, Purdy and 
Theriault (8) have shown that the activity of protozoa in a B.O.D. 
sample exercises an important influence on the rate of deoxygenation, 
through the stimulation of bacterial multiplication to restore popula- 
tions depleted by the ravages of the hungry animal forms. It is possi- 
ble that the absence of protozoa in the salt-water sample allowed the 
bacterial popvlation to become saturated and static, with the result that 
their oxygen requirements were lowered. 
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Conclusions 


From the various phases of this study the following recapitulation is 
made: 


ToraL Oxycen DEMAND 


1. The time required for essentially complete stabilization of a 
sludge film of 0.089 em. thickness at 21.2° C. was about 36 days. 

2. The total oxygen demand of the sludge was 540,000 p.p.m. on the 
basis of total dry solids, or 635,000 p.p.m. on the basis of dry organic 
solids content. 

3. The average rate of oxygen demand of the 0.089 em. sludge layer 
over the total period was 17.6 mg. per day per gram of organic solids, 
or 632 mg. of O. per day per square meter of surface area. The maxi- 
mum rates observed were 66 mg. and 2,360 mg. respectively. 

4, The oxygen demand curve departs from the characteristic B.O.D. 
curve of liquid wastes in having a steeper slope after the primary and 
secondary stages. This is attributable to the continuous conversion of 
solids into assimilable food products. 


Errect or O, ConcENTRATION IN SUPERNATANT WATER 


5. There appears to be no correlation between the rate of oxygen 
demand and the amount of available dissolved oxygen in the super- 
natant water. 

6. The oxidation processes will proceed at their normal rates pro- 
vided there is any residual oxygen in the water. 

7. A period of septicity of a sludge deposit has no appreciable effect 
upon the resumption of aerobic activity when oxygen is again available. 


Errect oF Deprun or StupGce Deposit 


8. The rate of oxygen demand is not a direct function of the depth 
of sludge deposit, the increase in rate being smaller than the inerease 
in depth. 

9. The relationship between rate of demand and depth of deposit is 
expressed by an exponential formula of the general type: y = az’. 
For the particular sludge under study, under conditions of fresh water, 
at a temperature of 22° C., and between the limits of 0 and 4.0 em. depth, 
the relationship was approximately: 


Y = 2700 x" 


where X is the sludge depth in centimeters and Y is the rate of O. de- 
mand in milligrams per day per square meter of sludge surface. 

10. The critical depth for stability of a deposit of fresh sludge is 
about one centimeter. Oxygen does not appear to diffuse to greater 
depths, with the result that anaerobic action goes on in the lower layers 
simultaneously with the aerobic action at the surface. The evolved 
gases exert a disrupting action on the sludge deposit. 
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11. Aerobie sludge decomposition is primarily a surface phenome- 
non. The increased O. demand of greater depths is probably due to the 
effect of unstable gases of anaerobic origin and to the increased area of 
new sludge surfaces brought into contact with the water by their 
stirring action. 

Errect oF Licut 


12. Sunlight appears to exercise no influence upon the metabolism 
of the organisms responsible for the aerobic decomposition of sludge. 

13. Under natural stream conditions, the influence of light would be 
limited to indirect effects produced by the oxygen liberated by algal 
forms of aquatie life. 


Errect oF TEMPERATURE 


14. Within the thermal range of natural streams, an increase in 
temperature is accompanied by a proportionately greater increase in 
the rate of areobie decomposition of organic deposits. This relation- 
ship is believed to be expressed with reasonable accuracy by the bio- 
chemical formula proposed by Phelps. 


Errect oF SALINITY 


15. In waters of high saline content the rate of oxygen absorption 
is appreciably lower than in fresh water. 

16. At 22° C. sludge digesting under fresh water abstracted 1.8 
times as much oxygen as a like sample under water containing 10,000 
p.p.m. chlorides. 

17. Within the limits of salinity of natural tidal waters, it appears 
that the rate of oxygen demand is practically an inverse straight-line 
function of the salinity of the water. 

18. Long-time B.O.D. curves from parallel dilutions of fresh and 
sea-water confirmed results of the carboy experiments. The curves for 
sea-water failed to show the ‘‘secondary stage’’ which is characteristic 
of fresh water dilutions and which is usually ascribed to nitrification 


processes. 
BactrertaL AND Protozoan LIFE 


19. Light and salinity do not appear to affect the saturation popula- 
tion of bacteria in aerobic sludge, as indicated by the 20° C. gelatin 
count, although increased temperature produces greater numbers. 

20. The agar counts at 37° C. showed no great variations in bacteria 
for different conditions of light, sludge depth and salinity, but a rise in 
population with increased temperatures. Under all conditions there 
was a marked decrease with time. 

21. The B. Coli content decreased with great rapidity in all the fresh 
water samples. In the sludge underlying salt water, the longevity of 
the organisms was very much greater. 
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22. Under fresh water conditions the protozoan content of the 
sludges increased very rapidly and showed no choice as to light or 
temperature. Antagonisms in the battle for food caused a rapid suc- 
cession of species, from the smaller to the larger forms. In the salt 
water sample all protozoan life disappeared within the first 24 hours, 
and did not reappear at any later time. Their absence may explain the 
lower B.O.D. rates observed under saline conditions. No algae or other 
forms of vegetable life were observed in any of the samples, due, 
doubtless, to the continuous-flow principle of operation. 


Deficiencies of Experiment 


It is recognized that the short period of the experiment, as compared 
with the very long periods required for complete stabilization of sludge 
deposits of appreciable depth, fails to establish many factors with 
finality and yield absolute results. The primary value of the work 
probably lies in the trends and comparisons which are indicated. 
These studies are being continued and expanded with the expectation 
that more definite and generally applicable measures of the decomposi- 
tion of river deposits may be developed. 
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THE POLLUTION AND NATURAL PURIFICATION OF 
ILLINOIS RIVER BELOW PEORIA 


By W. H. WIsELY AND CLARENCE W. KLASSEN 


Asst. Sanitary Engineer and Chief Sanitary Engineer, Illinois Dept. of Public Health, Springfield, Il. 


PRELIMINARY STATEMENT 


In past vears, the pollution of the Illinois River by The Sanitary 
District of Chicago has been widely discussed, but little attention has been 
given to other sources of pollution along its course. Since 1919, a gradual 
but steady progress has been made by The Sanitary District of Chicago to 
provide facilities for the collection and treatment of sewage and industrial 
wastes originating within its boundaries. In 1937, the condition of the 
Illinois River above Peoria had improved so greatly that the time has come 
to consider the pollution discharged at various points downstream from 
Lockport, the terminus of the Main Channel of The Sanitary District of 
Chicago, including untreated sewage from municipalities and wastes from 
a wide variety of industrial interests scattered along the river shores from 
Joliet to Grafton. 

This report covers the effects on the Illinois River of pollution originat-- 
ing in the metropolitan area of Peoria and Pekin. The combined human 
population of these two cities is about 130,000 persons. In addition, there 
must be considered the industrial waste discharged to the Illinois River in 
the area, which created in 1936 a pollution load equivalent to the raw 
sewage discharged by more than one million people. The Greater Peoria 
Sanitary District has provided excellent facilities for treating the human 
sewage originating in Peoria and its suburbs, with a slight amount of 
industrial wastes. This treatment handles the equivalent of 115,000 
persons with what might be called a 90 per cent reduction, leaving a 
residual equivalent pollution of approximately 12,000 people. From a 
metropolitan area of this size, a pollution load equivalent to over a million 
people is very surprising, but our survey has shown that it is due largely 
to the increased activity in the distilling industry, following the repeal of 
prohibition in 1933. As a result, oxygen conditions have become critical 
in the Illinois River below Peoria. On the other hand, through the efforts 
of The Sanitary District of Chicago, satisfactory conditions now exist 
directly above Peoria in the Illinois River and for many miles upstream. 

The extremely low river flows prevailing during the summer of 1936 
presented an excellent opportunity to study the self-purification of the 
Illinois River below Peoria. The data upon which this report is based 
were collected during July and August, 1936, through the combined efforts 
of the Illinois State Sanitary Water Board, the State Department of 
Conservation, The Sanitary District of Chicago and The Greater Peoria 
Sanitary District. 

The original object of the study was to decide on a pollutional limit 
upon which to base requirements for the degree of treatment necessary by 
the various industries and municipalities involved. However, the time 
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spent in studying the river was relatively short. Therefore, in view of the 
very important changes which will occur in the river flow after 1938, no 
extended analysis has been made of the effect on the future, but a brief 
statement is given to indicate the need of taking steps to reduce pollution. 
Among the more important changes which will materially affect the 
Illinois River after 1938 are: 


Ist. The reduction in the average annual diversion from Lake Michigan, 
from 5,000 c.f.s. to 1,500 c.f.s. on December 31, 1938, in accordance 
with the decree of the United States Supreme Court of April 21, 
1930; 

2nd. The further reduction in the pollution originating in The Sanitary 
District of Chicago upon the completion of the new treatment works 
at Stickney now under construction; 

3rd. The effect on the hydraulic characteristics of the Illinois River below 
Peoria of the construction of the new lock and dam by the War 
Department at Mile 157.7, the relocation of the La Grange Lock 
and Dam, and the dredging of the 9-foot navigable channel. 


Regardless, however, of the changes which may occur, the study of the 
self-purification capacity of the Illinois River between Peoria and Beards- 
- town in July and August of 1936 will be of value for guidance in the de- 
velopment of the pollution abatement policy for the lower river. 

In considering a report of this kind, one should keep in mind that 
computations of this nature should be considered largely as estimates and 
not as absolute values. Two months is a very short time on which to 
determine absolute values. However, the data and computations are 
believed to be adequately representative and sufficiently accurate to 
justify our conclusions. 


GENERAL INFORMATION 
Description of River Stretch Studied 


This study is based on that portion of the river between the Peoria 
Upper Wagon Bridge (Mile 166.1) and the Beardstown Wagon Bridge 
(Mile 88.6). Fig. 1 shows in detail the stretch studied. 

The upper station Mile (166.1) is located at the ‘‘ Narrows” in Peoria 
Lake. From this point down to the Peoria Lower Wagon Bridge (Mile 
162.3) the river passes through the lower part of Peoria Lake, the section 
being wide and shallow. Below the foot of the lake to Beardstown the main 
channel of the river is reasonably uniform in slope and section. The only 
appreciably sharp bends occur at about Miles 160.0 and 151.0, the latter 
point being just below Pekin. 

Both river banks below Peoria Lake are bordered by low ground, much 
of which has been drained for cultivation, although a number of bays, 
backwater areas, lakes and sloughs still remain. Most of these bodies of 
water are located between Kingston Mines (Mile 145.5) and Havana (Mile 
119.6) but Pekin Lake just above Pekin, and Muscooten Bay, just above 
Beardstown are also of material size. The influence of the ponded areas 
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on the condition of the river was not studied, it being considered probable 
that their greatest effect will be exerted during higher river stages. 

The principal tributaries entering Illinois River in the reach surveyed 
are as follows: 


Drainage Area Enters Illinois River 
Tributary (sq. mi.) (Mile) 
Og ee tk SA 147.7 
LO ESS Se ee |e a 1812 120.6 
eT ee 5332 99.0 


Sources of Pollution 


The principal pollution in the stretch of river studied comprises in- 
dustrial wastes originating at Peoria and Pekin. Untreated sewage dis- 
charge from the cities located in the river stretch is of minor importance 
in comparison. 

Detailed studies of the major sources of industrial pollution, made 
jointly by the State Sanitary Water Board and the Peoria Sanitary Dis- 
trict in 1936, included the determination of strength and volume of wastes 
discharged to the river. It is, therefore, possible to estimate with ac- 
ceptable accuracy, the actual load imposed upon the river during July and 
August, 1936. 

The pollution loads placed upon the river at Peoria and Pekin during 
the period of the survey are herewith itemized: 


ProriAa POLLUTION 




















Pounds Per Day | Population 
Source Nature of Wastes 20-Day, Equivalent of 

20° B.O.D.* Wastes 

Commercial Solvents Corp. Distillery | 66,250 265,000 
Hiram Walker & Sons, Inc.......| Distillery | 31,750 127,000 
Century Distilling Co........... Distillery | 1,500 6,000 
Bemis Bros. Bag Co....... ....| Paper Mfg. | 750 3,000 
Barrett Company.......... Roofing Felt Mfg. | 500 2,000 
Gipps Brewing Co........ .....| Brewery | 750 3,000 
Peoria Sanitary District......... | Treated sewage | 2,500 10,000 
Totals 104,000 416,000 

Pekin POLLUTION 

| Pounds Per Day Population 
Source Nature of Wastes | 20-Day, Equivalent o 

20° B.O.D.* Wastes + 

: ies = ces —|— 

Standard Brands Ine............| Yeast | 25,000 100,000 
American Distilling Co.......... Distillery | 50,000 200,000 
Corn Products Refining Co... .. .| Corn Products 3,750 15,000 
Quaker Oats Company......... | Paper Mfg. 500 2,000 
ip yc a Raw sewage | 4,000 | 16,000 
| Totals | 83,250 333,000 








* Of wastes discharged during period of July 18 to August 31. 
t Based on 0.25 pounds 20-day B.O.D. per capita per day. 
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In addition to the above industrial wastes at Peoria, the National Dis- 
tillers Products Corp. (Penn-Maryland plant) and Terre Haute Paper 
Company plants, which were not operating during the survey, produced 
wastes having a combined 20-day, 20° B.O.D. of 79,000 pounds per day 
(316,000 population equivalent) when operating. Upon resumption of 
operation, the load imposed by the Penn-Maryland plant will be reduced 
because of provision for by-product recovery. These industries must be 
considered with those tabulated in any river computations pertaining to 
conditions during maximum pollution. 

The pollution contributed by Peoria sources during the sampling period 
are concentrated between Mile 159.8 and Mile 161.5. The Pekin indus- 
trial load enters the river at about Mile 151.4. 

Other pollution contributed in the stretch is of minor consequence, 
including the sewage load at Havana which is estimated to have a 20-day, 
20° B.O.D. of only 700 pounds per day. 


Sampling Stations 
Analytical data on the quality of the river water at five sampling sta- 
tions are available for this report. The stations were located as follows: 
(See Figure 1): 


Miles Above 
Station Mouth of River Remarks 
Peoria Upper Bridge........ ive: 166] Above pollution 
Pekin Highway Bridge........... 152.9 Below Peoria pollution 
INUHMS GON VIMO 5 iccs-5,4.c eves vine ide 145.5 Below all pollution 
RUS VAG ose reGreceareie Vege tele al ae BEGIOD sa Miea Ries eta eter getecansi oe 
Beardstown City Bridge.......... SiO. >  ' Mba nieteetntioamoeconen 


The extreme upper and lower stations, Peoria Upper Bridge and 
Beardstown respectively, have been maintained in continuous operation 
by The Sanitary District of Chicago for some years and all data pertaining 
to these stations were obtained from that source. 

The stations at Pekin, Kingston Mines and Havana were maintained 
by the State Sanitary Water Board only for the period of this study. <A 
central field laboratory was located at Havana to handle samples collected 
at these three points. 

HyYDROMETRIC STUDIES 


The base data for the computations made in the study includes (1) the 
rates of discharge of the river proper at each sampling station (2) the rates 
of discharge of each principal tributary near its mouth (3) the mean times 
of flow between sampling stations and (4) the mean surface areas of the 
river between stations. These data apply only to the period of July 18 
to August 31. 

All of the information from which the above river data were determined 
was obtained from the Peoria District office of the U. S. Engineer Corps. 

In the following discussion, it will be noted that the backwater areas, 
flanking lakes, borrow reaches and sloughs along the river are not con- 
sidered. In support of this conclusion, it is offered that while these 
influences would probably be material in computations involving yearly 
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average data, their effects will be at a minimum during low river stages. 
As this study is over an extreme low discharge period, no field data were 
collected which would make detailed consideration of the ‘‘still-water” 
areas possible. 





Rates of Discharge—Illinois River 

United States Engineer Corps gauging stations are located at Havana 
and Pekin and discharge measurements have been taken at these points 
from one to six times monthly during the past seven years. As the dis- 
charge measurements at low stages at the Havana station appeared to be 
considerably more influenced by changes in water surface slope than at 
Pekin, the mean river discharge during the period of July 18 to August 31 
was determined at Pekin as a basis for the discharge data used in this 
report. The mean discharges at other sampling stations were estimated 
by correcting the discharge at Pekin according to the drainage area 
tributary at each station, a run-off factor based on the measured run-off 
to the nearest tributary being used. 

The unusually low river stages prevailing during the sampling period 
made the development of a dependable low stage rating curve somewhat 
difficult. A curve, based on arithmetical averages of the measured dis- 
charges at low stages (between 434.61 and 436.30 M.S.L., 1929 adjustment) 
during 1934 and 1936, was finally adopted. The curve was extended 
slightly for values below 434.61 M.S.L. 

Values representing the mean river discharge at each sampling station 
during July and August, 1936 are contained in Table 1. Rates of dis- 
charge were remarkably consistent during this period. 


TaBLE I.—Illinois River Survey—July and August, 1936 
Summary of Hydrometric Data 


Average | Hours 


(Mile 119.6) 


ones ae pee Length Average | Velocity Average | from op cong 
of Prism | Discharge (Miles Hours | Upper | (1000 

From To a | rome | eas) = | Brdae aa. FF.) 

Peoria | Pekin 13.2 8530 | 0.73 17.3 | 17.38 | 127,150 
Upper Bridge Highway Br. | | | 
(Mile 166.1) | — (Mile 152.9) | | | 

Pekin Kingston Mines | 7.4 | 8595 | 0.93 | 8.0 | 25.3 | 26,740 
Highway Bridge | (Mile 145.5 | | 
(Mile 152.9) | 

Kingston Mines | Havana 25.9 8685 | 1.07 | 24.2 | 49.5 | 84,610 
(Mile 145.5) | — (Mile 119.6) | | 

Havana | Beardstown 31.0 | 8925 | 1.11 27.9 | 77.4 | 100,520 


| | 
Highway Br. | | 
(Mile 88.6) 
Rates of Discharge—Tributaries 

A tabulation furnished by the U. 8. Engineer office at Peoria, showing 
low water discharges of the principal tributaries of Illinois River gives the 
following discharges for those streams discharging in the reach covered by 
this survey: 
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These figures were checked by data furnished by the State Water 
Survey for the Mackinaw and Spoon Rivers and are considered repre- 
sentative of conditions existing during the period July 18 to August 31, 
1936. 

The total flow of the tributaries comprises only about 5 per cent of the 
total discharge of the river as determined at Pekin, thus their influence on 
the River was slight during this period. However, inflow corrections for 
tributaries are made in the computations included in the latter part of this 
report, the analytical data being taken from U. 8. P. H. 8. Bulletin 171 in 
which information covering July and August, 1922, isincluded. Available 
personnel and facilities did not permit sampling of tributaries at this time. 


Time of Flow 


The times of flow through the individual prisms included between 
successive sampling stations were obtained from mean velocities deter- 
mined at one-mile intervals from Beardstown (Mile 88.6) to Peoria Upper 
Bridge (Mile 166.1). 

The cross-sectional areas at each mile interval were developed from 
soundings (referred to a defined Low Water Level) taken by the U. 8. 
IXngineer Corps and plotted to a scale of 1 in. = 200 ft. The mean river 
depth determined by averaging the soundings, multiplied by the surface 
width, gave the cross-sectional area at the defined Low Water Stage. The 
mean discharge during the period July 18 to August 31 was only slightly 
above that at the defined Low Water Level, but the cross-sectional area 
correction, found to average about 6 per cent, was added to give the areas 
used. In determining cross-sectional area, the sloughs, backwater areas 
and borrow reaches were not considered. 

The discharge (assumed to vary uniformly through the prism) divided 
by the corrected cross-sectional area gave the velocity for each mile, 
from which the mean velocity and time of flow through each prism was 


computed. 


The above method is considered to be sufficiently accurate for all 
prisms except that length of the river through Peoria Lake (Mile 166.1 to 
Mile 162.3). There is no doubt that the actual mean velocity through this 
stretch is greater than the value of 0.23 miles per hour resulting from the 
cross sectional areas as found above. Float observations through Peoria 
Lake by The Sanitary District of Chicago in 1902 showed the velocity to 
be about 0.5 miles per hour during low stages, which figure will be used 
herein in lieu of a definite correction for the computed value. 

Table I includes the mean velocities and times of flow prevailing be- 
tween sampling stations during the study. 
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Surface Areas 

Measurements of the stream surface width were available from the 
same topographic maps used in determining cross-sectionai areas for the 
velocity calculations. The width was scaled at six to ten points per mile 
at the defined Low Water Level and averaged for the mile. The difference 
between the surface areas at the defined Low Water Level and the actual 
water surface elevation was too small to warrant a correction and again 
the backwater-areas, lakes, sloughs and borrow reaches were disregarded. 

From these average widths the water surface areas as estimated for 
each prism are shown in Table 1. 


FIELD AND LABORATORY STUDIES 
Operation of Sampling Stations 


Peoria Upper Bridge (operated by Sanitary District of Chicago). 
Samples were taken at this station from 4:00 P.M. to 7:00 A.M. daily 
except on Saturdays. B.O.D. samples were collected hourly and made 
into 4-hour composites and taken to the Peoria branch laboratory of The 
Sanitary District of Chicago. Temperature observations and samples for 
dissolved oxygen were taken hourly, the Rideal-Stewart modification 
being used in the dissolved oxygen determination. 

Pekin, Kingston Mines and Havana.—These stations were in operation 
24 hours per day except for brief intervals when adverse weather conditions 
made it impossible to take samples. No data are available for the Pekin 
station for the period of August 3 to 9 inclusive, due to a temporary 
shortage of samplers. The personnel engaged in collecting the samples 
comprised mostly men trained in sanitary engineering with a few picked 
employees of the State Department of Conservation. The central 
laboratory at Havana was in charge of a trained sanitary chemist. 

B.O.D. samples collected during the first week of the sampling period 
consisted of samples taken every 2 hours throughout the entire day. The 
remainder of the B.O.D. samples were 4-hour composites made up of 
portions taken each hour. All samples were iced during collection and 
delivery to the central field laboratory at Havana. 

Dissolved oxygen samples were collected hourly throughout the entire 
day, standard one-bottle samplers being used. Samples were treated to 
the point of titration in the field, stored in metal containers and taken to 
the Havana laboratory for titration. The Rideal-Stewart modification 
of the Winkler method was used. 

Air and river temperatures were taken hourly. 

Individual cross-section studies at each sampling station were made in 
order to determine any consistent variation in quality of water across the 
section, which should be considered in the definite location of a sampling 
point. At the Kingston Mines and Havana stations this factor was found 
to be of small importance but at Pekin it becomes of material consequence. 

Four cross-sectional surveys of dissolved oxygen variation across the 
main channel at Pekin showed a definite range from about 1 p.p.m. near 
the west bank to nearly 5 p.p.m. at a point 300 feet distant in the channel. 
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It is evident from this that the Peoria pollution, introduced from the west 
bank, is not completely distributed across the full width of the river at 
this station. 

As the dissolved oxygen study was not accompanied by velocity deter- 
minations across the stream channel, it is unlikely that sufficient informa- 
tion was available to permit the proper location of a sampling point. The 
samples collected at the Pekin station are, therefore, subject to consider- 
able question and the data concerning this station are used sparingly in 
later computations. 

Beardstown City Bridge (Station operated by The Sanitary District of 
Chicago).—Samples taken from'7:00 A.M. to 12:00 midnight daily except 
Sundays. Four-hour composites were taken for B.O.D. determinations, 
the samples being handled at the Beardstown branch laboratory of The 
Sanitary District of Chicago. Observations of river temperature were 
made hourly as were dissolved oxygen determinations. 


Laboratory Procedure 


The procedure followed in The Sanitary District of Chicago branch 
laboratories at Peoria and Beardstown is standard in all respects. 

An important deviation from standard B.O.D. determination was 
practiced at the State field laboratory at Havana in that lack of 20° 
incubator capacity made it necessary to use a large capacity steel tank 
through which river water was circulated by a pump. During incubation, 
therefore, samples were subject to the same temperature variations as the 
river and incubation tank temperatures were taken hourly. The variation 
in temperature was appreciable, the maximum daily being 5° C. (July 
18-27) and the maximum 5-day variation, 10° C. (August 28-31). The 
method employed in converting the 5-day B.O.D. results thus obtained at 
variable temperatures to 20-day B.O.D. (total first stage) at 20° is de- 
scribed later. 

An attempt was made to ascertain the influence of incubation at varia- 
ble temperatures as compared to incubation at 20° but the results ob- 
tained were not sufficiently conclusive to justify any correction of the data 
as assembled for use herein. 

Except for the first 10 days of the survey, the dilution water used for 
B.O.D. determination was aged, seeded distilled water containing 300 
p.p.m. sodium bicarbonate. Duplicate dilutions were generally incubated 
of all samples, concentrations of 20 per cent and 40 per cent or 25 per cent 
and 50 per cent being usually satisfactory. 


Analytical Results 


The temperature, dissolved oxygen and biochemical oxygen demand 
results at each station for the period July 18 to August 31 are included in 
Table II, and the average results for the period are shown in Table III. 

Dissolved Oxygen.—Because the collection of samples at Peoria Upper 
Bridge was carried on from 4:00 P.M. to 7:00 A.M. daily, at Beardstown 
from 7:00 A.M. to 12:00 midnight and at all other stations throughout the 
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TaBLe II.—Ilinois River Survey—July and August 1936. 
Summary of Analytical Results 
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entire day, checks were made to determine whether comparable daily 
averages resulted at all stations. 

A study of the hourly dissolved oxygen values obtained at Havana 
throughout the period of study disclosed that the average content for the 
24-hour day was 1.95 p.p.m., the average from 4:00 P.M. to 7:00 A.M. was 
1.99 p.p.m. and the average from 7:00 A.M. to 12:00 midnight was 2.04 
p.p.m. If the hourly dissolved oxygen concentration is assumed to vary 
similarly at Peoria Upper Bridge (sampling time 4:00 P.M. to 7:00 A.M.) 
and at Beardstown (sampling time 7:00 A.M. to 12:00 midnight) the error 
from the 24 hour average will be ae 2.1 per cent at Peoria and 4.6 per cent 

Beardstown. 

From the average dissolved oxygen contents at each station for the 
entire period of the survey, included in Table III, it will be noted that a 


TaBLE III.—Illinois River Survey—July and August, 1936 


Summary of Base Data 
(July 18 to August 31) 


: l 
Peoria Pekin . Beards- 





Sampling Point ol = van | Havana — ity 

MINES RUOVE MMOUUNS 5.0616 c005 ase eles wae 166.1 152.9 145.5 | 119.6 | 88.6 
BG WRC MRED) Fait ton rolecore ost en mesiniaa anew a 8500 8560 | 8630 | 8740 | 9110 
Time of flow | | | 

Hours below Mile 166.1 ................ — 17.3 | 253 | 49.5 | 774 

Days between stations. ................ ae : 2 | 0.33 | 1.01 | 1.16 
Average velocity (M.P.H.)................ } — | O73] O98; 107{ 1.11 
Temperature (Degrees C.)..............-. | 25.6 | 269 | 264 | 27.6 | 274 * 
Dissolved oxygen (P.P.M.)............... | 66} 23t| 24 -|] 1.9 4.0 
20° B.O.D.—Total first stage (P.P.M.).....| neon 13.67 | 44 8.0 | 5.8 


* Corrected slightly to make comparable to 24 hour averages of other stations. 
+ Believed erroneous due to non-representative samples. 


slight increase in dissolved oxygen is indicated to take place in the stretch 
from Pekin to Kingston Mines, which is contrary to expectation. It will 
be remembered that the Pekin results are believed to be subject to some 
question due to possible sampling errors. 


Biochemical Oxygen Demand. 

In selecting B.O.D. results for daily averages at Pekin, Kingston Mines 
and Havana, any determination involving a depletion after 5 days’ incuba- 
tion of less than 1.0 p.p.m. or a final titration of less than 0.5 = p.m. was 
discarded. A tendency for the high dilutions (20 per cent and 25 per cent) 
to show lower demands than the lower dilutions (40 per cent and 50 per 
cent) caused some concern. Checks with various types of dilution water 
failed to establish this factor as cause of the divergence. The distilled 
water used for dilutions was also tested for the presence of copper (some- 
times introduced during faulty operation of the still), which tests proved 
negative. Accordingly, the lower dilutions (40 per cent and 50 per cent) 
were taken in all cases except in the few instances when only one dilution 
was incubated 
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In converting the variable temperature, 5-day B.O.D. results at Pekin, 
Kingston Mines and Havana, to 20-day (total first stage) B.O.D. at 20°, 
the 5-day value at 7° was first converted to the total first stage B.O.D. at 
T° by applying the factors included in U.8. P. H. 8. Bulletin 173, page 165. 
Factors for fractional values of 7 were obtained by interpolation. The 
total first stage demands at 7° were then converted to the total first 
stage demand at 20° by means of the temperature relation suggested by 
Theriault: 

Lr = L(0.02T + 0.60), 


where Ly = total first stage biochemical oxygen demand at 7° C. and 
Loo = total first stage demand at 20° C.° 

The values of 7 used were the average 5-day incubation temperatures 
for the individual samples. 

To illustrate the above, the following example is given: Assume a 5-day 
B.O.D. of 6.3 p.p.m. determined at an average incubation temperature of 
27°C. The total first stage demand at 27° is 6.3 divided by 0.796 (79.6 
per cent of the total first stage demand being satisfied in 5 days at 27°) 
which equals 7.9 p.p.m. Then the total first stage demand at 20° C. is 
determined by dividing 7.9 by (0.027 + 0.60) = 1.14 which equals 6.95 
p.p.m. The 5-day B.O.D. at 20° would be 6.95 divided by 1.46 = 4.75 
p.p.m. 

Results of seven 10-day oxygen demand observations on samples col- 
lected at Havana (incubated at variable temperatures and converted to 
20° values) were tested by Fair’s ‘‘log-difference”’ analysis (This JouRNAL, 
8, 430) and the deoxygenation coefficient (/;) was determined to be 0.1012. 
This compares favorably with the normal biochemical value of k; = 0.10 
at 20° C. and confirms the method and coefficients used in converting the 
variable temperature B.O.D. results to the 20° basis. 

The average total first stage B.O.D. results converted to 20° of the 
4-hourly composite samples collected at Kingston Mines and Havana from 
July 18 to August 31, are shown in the following tabulation: 


Total First Stage, 20° B.O.D. 


Station - - — aS SE SS - 

4AM. | 8 | 12Noon| 4P.M. | 8 | 12 Mid. | Ave. 

Kingston Mines........ | a4 | 110 11.9 14:5. 1 215 | Mm. | 4 
Havana............... | s2 | so |] 80 | s2 | 80 78 | 80 


The above table indicates that there is little appreciable variation in 
B.O.D. of the river throughout the day and, consequently, the results at 
Peoria and Beardstown, where shorter sampling periods were used, may 
properly be taken to represent average daily values. 

The data collected did not include studies for the influence of transition 
from first- to second-stage oxidation in the portion of the river surveyed 
but this factor is not believed to be of consequence. A curve showing the 
course of oxidation in the river below Pekin, based on data collected from 
1927 to 1930, is included in a study by Streeter (This JouRNAL, 7, 272), 
which curve shows the transition to second stage to take place about 9 
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days below Pekin. The estimated time of flow from Pekin to Beardstown 
during July-August, 1936, was about 2.5 days, which, added to the 5-day 
incubation period, gives 7.5 days. This would indicate that interference 
by second-stage oxidation was not likely. 


ANALYSIS OF OXYGEN CONDITIONS 
Procedure 


The oxygen content of a polluted stream is dependent upon several 
influences. Oxygen is taken from the water to satisfy the demand exerted 
by (1) the organic matter in suspension or in solution in the water, (2) 
sludge deposits at the stream bottom and (3) organic matter from sludge 
deposits lifted by the ebullition of gas and replaced in suspension in the 
water. On the other hand, oxygen will be added to the river water by 
(1) reaeration from the atmosphere, (2) photosynthesis (not considered 
in this report), (3) dilution from less polluted tributaries, and (4) aeration 
in the passage over dams or through gate openings at high velocities. 

In this report, the greatest difficulty arose in properly evaluating the 
influence of the sludge deposits. Since the analytical data were taken 
only over the critical, low discharge period of July and August, it may 
logically be assumed that the actual sludge accumulations in the river 
are far greater than would be measured by the available analytical data. 
This assumption is based on the logical hypothesis that organic solids 
deposited during the preceding winter, when temperatures were unfavor- 
able for oxidation, did not exert their greatest oxygen demand until the 
more favorable summer temperatures prevailed. 

The following procedure, which is believed to approximate the influence 
of sludge deposits reasonably well, was adopted after considerable study: 


1. The observed B.O.D. and D.O. results were corrected for the 
pollution or dilution entering the river in each stretch. 

2. A “‘gross rate”’ of surface reaeration was determined by the ‘‘ oxygen 

balance’? method (used by the Eddy Committee) from which an initial 
rate of reaeration at zero D.O. saturation was established. From this 
initial rate, the total pounds of oxygen absorbed by surface reaeration in 
each stretch was estimated. (Note: At this point the D.O. and B.O.D. 
results at Mile 166.1 above Peoria were referred to Mile 162.0, which is 
just above the point of discharge of the Peoria pollution.) 
' 3. The total amounts of oxygen utilized in each stretch were estimated 
by algebraic addition of the oxygen absorbed by reaeration and the change 
in dissolved oxygen in the stretch. The sum thus obtained can be taken 
as the total oxygen demand exerted (X,) and, by subtracting the computed 
demand exerted in each stretch by organic matter in suspension in the 
river water, the remainder is considered to be demand exerted by all 
influences directly or indirectly due to the presence of sludge deposits. 

4. Based on the total oxygen demands exerted, determined as above, 
the ‘‘composite”’ coefficient of deoxygenation (k,) for each stretch was 
computed. 
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5. Using these values of k; and values of LZ, (total initial B.O.D.) 
computed directly from X,, the coefficients of reaeration (kz) were de- 
termined and averaged by weighting according to the time of flow. 

6. Applying the coefficients k; and k, as determined in (4) and (5) 
above, a computed ‘‘oxygen sag’’ curve was developed for comparison 
with the observed D.O. contents in the entire reach of river studied. 

7. By determining a value for L, that could be taken as representing 
conditions in the river with all sludge deposits absent, an oxygen sag 
curve was computed to show the estimated D.O. content under those 
conditions. 

8. By further application of the coefficients determined above, the 
total pollution load which could be discharged at Peoria and Pekin without 
causing a reduction in river dissolved oxygen below a threshold of 4.0 
p.p.m., was estimated. 

Inflow Corrections 

Table IV summarizes the corrections made in the observed average 
B.O.D. and D.O. results for the inflow of pollution and tributary streams. 
It will be noted that the influence of tributaries is minor. 


TaBLE IV.—/llinois River Survey—July and August, 1936 
Inflow Corrections 
(Figures expressed in thousands of pounds per day) 


B.O.D. (River Temp.) | D.O. 
| 
l ; ar l 
; Amount | At Sta- | | At Sta- 
Station Sources of Inflow Ob- Amount Oxi- | tion, | Ob- | Amount] tion, 
served Con- dized | Corree-| Cor- served | Con- | Cor- 
at trib- to | tion rected | at trib- | rected 
Station uted Next | for Station | uted for 
Station Inflow | Inflow 
Peoria . 387 | 387 | 303 | — 303 
(Mile 166.1) | | 
Pekin Peoria pollution 716 117 5 112 604 | 102 | 102 
fm aa | | 
(Mile 152.9) 
= 2 | : ' - : } _ aie | 
Kingston Mines | Mackinaw R. and | 602 95 8 | 87 pio | 392") 2 110 
(Mile 145.5) Pekin pollution | | 
Havana Spoon River 134 2 1 2 132 | 90 } 1 | 89 
(Mile 119.6) | | | 
Beardstown | Sangamon River 325 Bi 2. I 7 318 | -197 | 6 | 191 
| | 
| | 
| 


(Mile 88.6) 


The analytical data for tributary streams was taken from U.S. P. H. 8. 
Bulletin 171 which includes B.O.D. and D.O. results from the Spoon, 
Mackinaw and Sangamon Rivers for July and August, 1922. 


Oxygen Balance and Reaeration 


The term ‘‘oxygen balance” is used herein in accordance with the 
definition given in Part 111, Appendix 1 of the ‘‘ Report of the Engineering 
Board of Review of The Sanitary District of Chicago on the Lake Lowering 
Controversy and a Program of Remedial Measures” (The Eddy Report). 
In this report, oxygen balance is defined as the ‘‘difference between the 
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quantity of dissolved oxygen and the quantity of oxygen demand in the 
river water at any station.” 

Table V is the basis for the determination of a gross rate of reaeration 
from which the total, gross amount of oxygen supplied by reaeration was 
estimated for each stretch. In this table, the change in oxygen balance 
taking place in each stretch is derived, giving due consideration to inflow 
between stations, whether dilution or pollution. 

The stretch from Havana to Beardstown appears to be the logical one 
upon which to base reaeration estimates. Sludge deposits show less effect 
than in any other stretch and it is the only one in which an increase in 
dissolved oxygen takes place. Table V shows the ‘‘apparent net rate of 
reaeration”’ for the Havana to Beardstown stretch to be 2.16 pounds per 
1,000 sq. ft. per day at an oxygen saturation of 37 per cent and a mean 
velocity of 1.11 miles per hour. This value is taken as the gross rate of 
reaeration for the stretch. Converted to the base rate at zero oxygen 
saturation, the above becomes 3.43 pounds per 1,000 sq. ft. per day at a 
velocity of 1.11 miles per hour, which figure agrees well with rates suggested 
by The Sanitary District of Chicago in other reaches of Illinois River. 

Rates of reaeration in all stretches were computed by applying satura- 
tion and velocity corrections to the base rate of 3.48 pounds per 1,000 
sq. ft. per day at zero saturation and at 1.11 miles per hour velocity. 
The rate of reaeration was assumed to vary as a straight line according 
to the degree of oxygen saturation, the rate being highest at zero satura- 
tion. Rates of reaeration were also assumed to vary as a straight line 
according to velocity, and the additional assumption was made that the 
aeration rate is 1 pound per 1,000 sq. ft. per day at zero velocity and 
zero saturation. This latter assumption appears permissible since it is 
known that reaeration does take place in still bodies of water. 

The number of pounds of oxygen estimated to be absorbed by re- 
aeration in each stretch is included in Table VI with data used in making 
ihe rate corrections for velocity and saturation. The station at Mile 
162.0 is inserted here because it is desired later to refer the oxygen con- 
ditions at Mile 166.1 to Mile 162.0, which is immediately above the 
point of discharge of pollution contributed during this survey. 

It will be noted that a total of 565,000 pounds of oxygen daily is 
estimated to be absorbed by atmospheric reaeration in the entire length 
of river studied (Mile 166.1 to Mile 88.6). 


Oxygen Utilization 


In this analysis, all oxygen utilization is classified under the two major 
components (1) that used in the oxidation of organic matter in suspension 
or in solution in the flowing river water and (2) that exerted by sludge 
deposits in any way, including ‘immediate’? demand. The demand 
exerted by organic matter carried by the flowing water is computed by 
the relation: 

X» = L;(10%* — 1), 


in which X, = demand exerted by organic matter in water and Lz 
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TaBLE VI.—Illinois River Survey 
July 18 to August 31, 1936 


Summary of Reaeration in Illinois River from Peoria to Beardstown 


























Gross Rate of 
Section of River (Com tan Velanity) 
Surface Mean Mean (Lbs. per 1,000 Total Re- 
eieck pica Area D.O. Veloc- Sq. Ft. per Day) aeration 
| (1,000 Satura- ity | (Lbs. per 
Sq. Ft.) | tion (%) |(MP Hr.)| Day) 
. a At At 
From | To Zero Observed 
Saturation | Saturation 
Peoria (Mile 166.1)} Mile 162.0 97,460 | 80* 0.59f 2.10 0.40 39,000 
Mile 162:0\... 55: | Pekin (152.0) | 29,690 | 55t 1.00 3.18 1.44 43,000 
POMNNS SB wis sonaidhaees | Kingston Mines | 26,470} 28.4 0.93 3.05 2.18 58,000 
| (145.5) 
St a eae | Havana (119.6) | 84,610] 26.6 | 1.07 | 3.34 2.46 | 208,000 
Havana..........| Beardstown | 100,520 | 37.0 i 3.43 2.16 217,000 
(88.6) ———— 
| | | ‘i, eee | 565,000 


* Taken as constant through stretch. 
t+ Mean, based on estimate of 80% at Mile 162.0. 
t By float measurements. 


= observed oxygen demand at the lower station (corrected for inflow). 
The normal biochemical values of k; at the river temperatures were used. 

The pounds of oxygen demand thus computed as taking place in the 
flowing water in each stretch was deducted from the total amount of 
oxygen utilized in the stretch and the difference considered the demand 
exerted directly or indirectly by the sludge deposit. The total amount 
of oxygen utilized in each stretch was estimated by algebraic addition of 
the amount of oxygen absorbed by reaeration and the pounds of dissolved 
oxygen added or lost in the stretch. Table VII summarizes the oxygen 


TaBLE VIT.—/JIlinois River Survey—July and August, 1936 
Summary of Oxygen Resources and Utilization 



































Oxygen Resources Oxygen Utilization 
Total a 
: y Oxy- | 
Section of River | D.0. in | D.O.in | D.O. Oxygen gen B.O.D. B.O.D. | Total 
| River River | Added or} Added Util- Exerted Exerted | B.O.D. 
Enter- | eav- Lost in by Re- ized by Flow- | by Sludge Ex- 
| ing ing * Stretch aeration ing Water | Deposits erted 
eee aes 2S ae eee ee Tae ee Se 
Peoria (Mile 166.1) to | 
1 Cl |) | 303 3047 | +1 39 38 38 _— 38 
Mile 162.0 to Kingston 
i 304} 110 —194 101 295 98 197 295 
Kingston Mines to Ha- 
WREMEN Aco NOt eos oe 112 89 — 23 208 231 165 66 231 
Havana to Beardstown. . 90 191 +101 217 116 141 —25t 141 
SOURIS So liansisess 442 263 705 














All figures represent thousands of pounds per day. 

* Corrected for inflow. 

+} Computed. No sampling station here. 

t Negative value indicates no appreciable effect by sludge deposits. 
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resources and liabilities in the various stretches and illustrates the methods 
employed. 

It will be noted in Table VII that the conditions in the river at Mile 
162.0 (which point is just above the various Peoria sources of pollution) 
have been estimated here by reference from the sampling station at 
Mile 166.1. This was done to simplify the demonstration of ‘oxygen sag’’ 
curves later. By computing the demand exerted from Mile 166.1 to 
Mile 162.0 (38,000 pounds per day) and using the reaeration value 
determined in Table VI for the same stretch (39,000 pounds per day), 
the observed B.O.D. and D.O. at Mile 166.1 was corrected to Mile 162.0. 
Thus determined, the B.O.D. at Mile 162.0 is computed to be 349,000 
pounds per day (7.6 p.p.m.) at mean river temperature of 26.3° C. and 
the D.O. to be 304,000 pounds per day (6.6 p.p.m.). 

The data observed at the Pekin station are omitted in Table VII and 
are not used in the ensuing computations because of the doubt concerning 
their reliability. 

Concerning the apparent negative influence of sludge deposits indicated 
in Table VII for the Havana-Beardstown stretch, no ready explanation 
for this result is offered. Because the degree of the discrepancy is probably 
not great, considering the nature of computations of this kind, the inter- 
pretation given is that there is no appreciable sludge deposit in the 
stretch, which conclusion is supported by physical observations during 
the sampling period. 

Table VII shows a total of 667,000 pounds of oxygen demand to be 
exerted daily in the stretch from Mile 162.0 to Beardstown, of which 
263,000 pounds per day or 39 per cent is exerted by sludge deposits. 
Since sludge deposits appear minor in the river stretch between Havana 
and Beardstown, a better perspective of the overall effects of the deposits 
is brought out by study of the stretch between Mile 162.0 and Havana. 
In this reach, a total of 526,000 pounds of oxygen demand was exerted 
daily of which 263,000 pounds per day or 50 per cent was exerted by sludge. 


Coefficients of Deoxygenation 

A “composite” coefficient of deoxygenation (k:) was computed for 
2ach stretch for use in determination of reaeration coefficients (/2) because 
of the known presence of sludge deposits below Peoria and Pekin which 
would cause the actual rate of deoxygenation in the river to differ ma- 
terially from the rate taking place in samples of river water incubated in 
the laboratory. 

Values of (k1) are computed as suggested by Streeter (This Journal, 
7, 543) by application of the relation: 

l Le 
k, = ; log aes, ae (1) 

In which (¢) is the time of flow in days, (Ls) is the observed B.O.D. at 
the lower station (corrected for inflow) and (X,) is the total oxygen 
demand exerted in the stretch (from Table VII). The values of (k:) 
thus computed follow: 
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Stretch of River (ki) 
Mite TEP 0 GO ENP SGOT IEITIOS 5 oc. 6 6 sce ore ace 45 4! ween canes weenie: scbcele ouabenee 0.276 
PRA REUGTENNIDCS SHO MELO VENI 2255.55 sasiy Sho sie Seo he's os Swick eed lea 0.183 
TEE AND OT CAMO UO WEN aioe a'orce ha See a Mica cuoeeis aun oie Lisle A Oiale a Ge See ee 0.138 


The diminishing values of (k,) indicate the tapering B.O.D. exertion 
by sludge deposits, which is shown to be inappreciable in the Havana- 
Beardstown stretch because the computed value of k; = 0.138 checks 
closely with the normal biochemical value /; = 0.1398 at a temperature 
of 27.3° C. 

Coefficient of Reaeration 
Values of (42) are computed by indirect substitution in the formula: 
ki La - 
Dy = = ——*— (107 — 10-*) + D,(10-4), (2) 

v2 — Ky 
as outlined by Streeter and Phelps in Public Health Bulletin 146 (A Study 
of the Pollution and Natural Purification of the Ohio River). A modi- 
fication regarding the manner of determining the initial oxygen demand 
(L.) was employed, however, because of certain circumstances under 
which this data was collected. 

In P. H. B. 146 it is suggested that the value (L.) be based on ‘‘a 
mean (arithmetic) of the observed (Lz) and the residual component (L’) 
of the observed (L4) remaining at Station B.”’ Had the analytical data 
available for this report covered a full year, so that averages covering all 
conditions of flow could be used, it is considered that this method would 
have been satisfactory. However, since the data were actually taken 
over a period of extremely low velocities when there was no scour, it is 
believed that the above method would not give a value of (Z.) that 
completely represented sludge deposits. In other words, it is felt that 
the river samples collected did not contain as much suspended matter 
(potential sludge deposit) as would be shown by a yearly average of 
B.O.D. determinations. 

It is definitely known that considerable pollution was contributed 
during the winter preceding the sampling period but was discontinued 
before sampling was begun. The Penn-Maryland distillery operated all 
winter and suspended operation on June 27. The Hiram Walker distillery 
discharged half the thin slop produced to the river until early in July 
when the feed house installation was completed. The Terre Haute 
Paper Company operated during only April and May. Sludge deposited 
from these wastes, therefore, accumulated during the winter and un- 
doubtedly exerted an appreciable demand during the summer months of 
the study, yet the above pollution was not represented in the samples 
taken. 

Values for (Z.) are determined here by assuming that the total oxygen 
demand exerted (X,) are represented by the total oxygen used in the 
stretch of river as found in Table VII. 

For instance, in the stretch from Kingston Mines to Havana, a total 
of 231,000 pounds of oxygen was used daily. Then, by the relation: 

Xx; 


(1 — 10-4)’ - 


La =— 
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(L.) at Kingston Mines is computed as 675,000 pounds per day, the com- 
posite value k; = 0.180 being used. 

It is appreciated that this method places a heavy burden on the 
gross rate of reaeration as determined by means of Table V, but for this 
study; this procedure is deemed advisable. Values of (L.) thus derived 
follow: 








Xt 
(1,000 Ibs. per day) 





| 


] 
Station | x | at | 
| 
| 
| 
| 
| 


Da Vo kGS i oxs0 «Fes oesis. | 295 | 0.28 
PASMSUOR GENES 5s. we tse. es | 231 | 0.18 1.01 675 
ere | 141 | o14 | 1.16 | 455 





Employing the above computed values of (k;) and (L.), coefficients of 
reaeration in the various river stretches are found to be as follows: 


Stretch of River t (days) ke 
Mile 162.0 to Kingston Mines................... 0.72 0.35 
Kingston Mines to Havana..................... 1.01 0.32 
Hlavann to Beardstown ......... 66s s nese ness cess 1.16 0.35 


Weighting these values for the time of flow in order to determine a 
mean value of (k2) for the entire reach from Mile 162.0 to Beardstown, 
a mean k, = 0.34 is obtained (mean river temperature 27° C.). 

While the value of (k2) here determined is higher than that found by 
Streeter (k. = 0.27) for summer conditions in the stretch between Pekin 
and Havana (P. H. Reports, February 12, 1936, page 253), the difference 
may be due to the modifications used in computing the value here. As 
stated previously, these modifications were considered desirable because 
of the circumstances under which these data were collected. 


Oxygen Sag Curve—Conditions of Survey 
As a check on procedure heretofore, the oxygen content at each 
station is computed for comparison with the observed amounts. In 
substituting in equation (2), the individual ‘‘composite”’ values of (k:) 
are used with the mean value of (k.). The following computed and 
observed results are plotted in Fig. 2 on page 589. 





Oxygen Sag Curve—Sludge Deposits Assumed Absent 


The method employed in computing (Z.), previously described, offers 
an opportunity to show what oxygen conditions might have existed in 
the river at the time of the study had not the sludge deposit been present. 
The oxygen demand exerted by organic matter only in suspension or 
solution in the flowing water is shown by Table VII to be 404,000 pounds 
per day in the stretch Mile 162.0 to Beardstown. From this (La) at 
Mile 162.0 is computed to be 681,000 pounds per day. In developing an 
oxygen curve for this condition, the normal biochemical value of hk; 
= 0.135 (7 = 26.5° C.) is used because of the assumption that sludge 
deposits are absent. (It will be recalled that the computed (k;) for the 
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Dissolved Oxygen - pyam. 


oO / Z 3 
7ime in Days Below Mile 162.0 


Fic. 2.—State of Illinois Sanitary Water Board. Illinois river survey, July 18—August 31, 1936. 
Oxygen conditions. 

















| | Dissolved Oxygen (P.P.M.) 
Station Ai | k $$ 
| | Computed | Observed 
USS Se ee oe | | 6.60 — 
ESSIOR PRENOS. 666 bs Aaeh ee Kose es 0.28 0.34 2.34 2.4 
ES ULES SE Real OSS ESE en arr rie aS 0.18 | 0.34 2.05 1.9 
fs 0 0.0 oe erie 0.14 0.34 4.31 4.0 





Havana-Beardstown stretch, in which the sludge deposit is not appreciable, 
closely checks the normal biochemical value of (X,) at the prevailing river 
temperature. ) 

Figure 3 is plotted from the following computed oxygen contents at 
the various stations, the sludge deposit being assumed absent shown on 
page 580. 

These results indicate that the oxygen content in the river below 
Peoria would probably not have fallen below 4.0 p.p.m. if the pollution 
discharged had been free of settleable solids (potential sludge deposits). 
Definite conclusions based on computations involving the above arbitrary 
assumption are, of course, unwise, but it is believed safe to conclude from 
this computation that the sludge deposits existent below Peoria during 
July and August, 1936, were largely responsible for the critical oxygen 
conditions observed. 

Limits of Pollution 


The object of this study was to determine the permissible total pollu- 
tional load at Peoria and Pekin which would not reduce the river oxygen 
content below 4.0 p.p.m. during critical periods of flow, with flow condi- 
tions similar to those prevailing in July and August, 1936. Because any 
pollution abatement program must first involve elimination of offensive 
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Fig. 3.—State of Illinois Sanitary Water Board. 


Mile 162.0 


Kingston Mines 


7ime in Days Below Mile 162.0 


Computed oxygen conditions. 


Station 


2 SE 


Beardstown 


0.135 
0.135 


| 


2) 


Illinois River survey, July 18—August 31, 1936. 
Sludge deposits assumed absent. 


| Computed Dissolved 
| Oxygen (P.P.M.) 


6.6 
0.34 4.97 
0.34 4.58 





0.34 5.06 


sludge banks, this estimation of permissible pollution is made with the 
assumption that the wastes discharged at Peoria and Pekin will not 
contain organic solids in such form that sludge deposits of material 


consequence will result. 


It is thus assumed that the absolute minimum 


degree of treatment to be provided all wastes will be such that nearly all 
settleable solids will be removed before discharge to the river. 
To be conservative in this computation, a value of (k;) slightly higher 


> ~O 


than the normal biochemical value of k; = 0.135 at 26.5° C., is assumed. 
An estimated value of k; = 0.15 is used sintve it is very improbable that 
all organic matter capable of producing a sludge deposit will be completely 
removed. The value chosen is considered to make allowance for any 
increase in the rate of deoxygenation which might result from the presence 
of a relatively small deposit. 

The determination of a value of (Z.) at Mile 162.0 which represents 
the permissible limit allowing a minimum dissolved oxygen content of 
4.0 p.p.m. at the critical point, involves trial and error procedure since 


the time of flow to the critical point is not known. 


By assuming trial 


values of (L.) for substitution into the equation suggested by Streeter 
(This Journal, 7, 548): 


log | he | 1 
| Ay 
ee’ cseicean es 
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and by substituting the resulting values of (¢) in the ‘‘oxygen sag”’ 
equation (2) it is possible to obtain a final value of (Z.) which checks 
that originally assumed. By this procedure it was determined that a 
value of La = 680,000 pounds per day would result in a minimum dissolved 
oxygen content of 4.0 p.p.m. at a point 1.52 days below Mile 162.0. 

During July and August, 1936, the B.O.D. content of the River above 
the sources of pollution was about 349,000 pounds per day which, deducted 
from the above value ZL, = 680,000 pounds per day leaves a permissible 
pollution load of some 331,000 pounds per day at river temperature or 
292,000 pounds per day at 20° C. 


FutTurE RIVER CONDITIONS 


In the introductory remarks at the beginning of this report, it is 
pointed out that drastic changes in Illinois River below Peoria will take 
place by 1940. With the limited information available at present, it 
appears unwise to attempt any definite forecast of the future ability of the 
river to assimilate pollution for comparison with the present self-purifica- 
tion capacity as determined herein. However, a general discussion of the 
manner in which the more important hydraulic and pollution changes 
now under way in the river might be expected to affect conditions below 
Peoria does seem warranted, and the ensuing comments are offered with 
this intent. 


Reduction in Flow 


Diversion from Lake Michigan by The Sanitary District of Chicago 
must be reduced from 5,000 c.f.s. to 1,500 ¢.f.s. on December 31, 1938, 
in accordance with the decree of the United States Supreme Court of 
April 21, 1930. Under critical summer conditions such as existed in 
1936 this reduction would lower the observed discharge of 8,500 c.f.s. at 
Peoria to about 5,000 c.f.s. 

The following analysis of possible minimum flows shows, however, 
that a lower summer discharge might prevail at Peoria: 





Source Minimum Flow c.f.s. 

CHAR, COMICON DON nts sestiess a aio-sls wo Bea padndaeebalae ee 1700 
Diversion from: Dake Michigan: << .....0... 6.6 dec w weet oe sees oe 750 
MCR RISB MERRY OL fol 5 515 cveta gece Genco ee SLHIa Ie envied erase ate ghana eTaseaere 9 
LLAPEL SSB) 2 gi Aa gO PU _- 
ROSA ES RV OL 2c sek ne srcugr iota eos ons casale dia an elevate wheels 690 
GRR ae Ore ely nae ree i iNew eee ney RS 154 
PVE BPEL RCE ONE ecto see i Ag Sas cass ano du sealer a at ous: ete eals 15 
PDirect Mun-O1 tO TINO IVER soso okie ac cere sake pases 118 
Municipal and Industrial Pumpage.................0.00000- 150 

Estimated possible min. 1940 flow at Peoria............. 3586 


As it is not probable that all of the above minimum conditions would 
obtain simultaneously for any appreciable time, a reasonable future 
critical period discharge at Peoria of 4,300 c.f.s. is assumed. 
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Reduction in Chicago Pollution 

The dissolved oxygen content observed in the river above Peoria in 
1936 was 6.6 p.p.m., representing 80 per cent saturation at the observed 
temperature of 25.6° C. 

Upon completion of the treatment works now under construction by 
The Sanitary District of Chicago, it is estimated by Langdon Pearse, 
Sanitary Engineer of the District, that between 6.98 and 7.48 p.p.m. of 
dissolved oxygen will be present at Chillicothe with a diversion from 
Lake Michigan of 1,500 c.f.s. Further increase in the dissolved oxygen 
content is to be expected in the 13 miles of flow from Chillicothe to 
Peoria and an estimated value of 8.0 p.p.m. at Peoria does not seem 
unreasonable. This would represent a saturation of 96 per cent at 25.6° C. 

In spite of the expected increased dissolved oxygen concentration 
immediately above Peoria in 1940, the actual amount of oxygen available 
based on a flow of 4,300 c.f.s. would be only 186,000 pounds per day, 
whereas that observed in 1936 was 303,000 pounds per day at a flow of 
8,500 c.f.s. 


Physical Changes 


Sa 


Construction of the lock and dam at Mile 157.7 (just below Peoria), 
relocation of the La Grange lock and dam and dredging of the new 9-foot 
channel will completely revise the physical characteristics of the river 
and involves complete readjustment of the hydrometric data determined 
for 1936 conditions. 

Information relative to the dams and dredging program, supplied by 
the Peoria office of the U. S. Engineer Corps, makes it possible to estimate 
surface areas, velocities and times of flow, assuming a 1940 critical season 
discharge of 4,300 c.f.s. These estimates are compared with those 
representing 1936 conditions in Table VIII. 


TaBLE VIII.—lIllinois River Report—July and August, 1936 


Comparison of Surface Areas, Velocities and Times of Flow for 1936 Conditions (Flow—8,500 c.f.s.) 
and 1940 Conditions (Flow—4,300 c.f.s.) 








1936 1940 


|Mile 162.0|Mile 157.7| K. Mines} Havana 











Mile 162.0) Mile 157.7) K. Mines | Havana 
ee ee ee to to | eee to to 
— 157.7) K. Mines | Havana manasa (se andie | K. Mines | Havana |Beardstown 
| | 
Surface Areas (1000 | | | | | 
LORS 2 4S) coe ea | 14,640 | 41,140 | 84,610 | 100,520 | 19,3820 | 37,794 72,575 98,190 
Velocity (Miles per | | 
eee 1.03 0.95 1.07 1.11 0.36 0.63 0.64 0.52 
Time of Flow (Hours | | 
between Stations).| 4.2 | 12.8 | 24.2 27.9 11.9 19.4 40.5 59.6 








According to Table VIII, surface areas and velocities will be appreci- 
ably less upon completion of the dams and dredging than during July— 
August, 1936. Times of flow will be increased in accordance with the 
velocity reductions. In general, water depths will not be materially 
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changed, averaging approximately 9 ft. under present and future estimated 
flow conditions. 

Decrease in velocity below Peoria may be expected to (1) increase 
deposition of settleable organic solids and (2) reduce rates of reaeration 
from the atmosphere. Assuming a straight line variation between 
velocity and reaeration with a gross rate of reaeration of 1 pound per 
thousand sq. ft. per day at zero saturation and zero velocity (which 
assumption is made elsewhere in this report), the gross rate of reaeration 
in the Havana-Beardstown stretch, for example, would be only 2.15 
pounds per 1,000 sq. ft. per day at zero saturation in 1940 as compared 
to 3.43 pounds per thousand sq. ft. per day determined for 1936 conditions. 

The estimated reduction in water surface areas by 1940 will also lower 
the natural purification capacity of the river by reducing reaeration. 
The total surface area estimated for 1940 for the entire stretch from 
Mile 162.0 to Beardstown is 5.4 per cent less than the area computed 
during July-August, 1936. The only stretch showing an increase in 
water surface by 1940 is that from Mile 162.0 to the new dam located at 
Mile 157.7. 

The lock and dam under construction at Mile 157.7 will have, upon 
completion, both a detrimental and a beneficial influence on the natural 
purification capacity of the river. The very low estimated velocity of 
0.36 mile per hour through the pool behind the dam, into which all of the 
Peoria pollution will be discharged, will encourage deposition of sludge 
and particularly critical summer oxygen conditions would be expected 
here under pollutional loads comparable to those prevailing in 1936. 
The expected velocity would also tend to encourage ice formation in 
winter, consequently reducing atmospheric reaeration in the stretch during 
that season. 

On the other hand, turbulence induced during flow through spillway 
gates of the dam creates conditions favorable to a rapid though brief 
absorption of oxygen from the atmosphere, the amount of such absorption 
being highest at zero oxygen saturation of the water entering the spillway. 
Based on studies made at Minneapolis-St. Paul (Second Annual Report, 
Minneapolis-St. Paul Sanitary District) it is estimated that from 2 to 3 
parts per million of dissolved oxygen could be expected to be taken up in 
passage through the Peoria dam, consideration being given the expected 
discharge head, summer temperatures and oxygen saturation in the pool 
behind the dam. A 8 p.p.m. increase at a flow of 4,300 c.f.s. would yield 
69,700 pounds of oxygen per day, which, added to the amount expected 
in the river above Peoria in 1940 (186,000 pounds per day), totals 255,700 
pounds per day. It will be noted that this combined figure is still below 
the observed dissolved oxygen content of the river above Peoria in July— 
August 1936 (303,000 pounds per day) at a river discharge of 8,500 c.f.s. 


Summary—E fects of Future Changes in River 


It seems apparent from the above that the natural purification ability 
of Illinois River below Peoria will be notably reduced subsequent to the 
several changes which will have taken place by 1940. Opportunity for 
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atmospheric reaeration will be reduced, deposition of sludge deposits will 
be encouraged, and, despite the expected improvement in the quality of 
the water entering Peoria and the probable addition of oxygen in flowing 
through the new dam at Mile 157.7, it appears that less oxygen will be 
available to meet the immediate requirements of the Peoria and Pekin 
pollution. 

It appears further that the most critical conditions in the future river 
under pollution loads similar to those existing in 1936 would be localized 
at and immediately below Peoria and Pekin, the greatly lengthened times 
of flow probably resulting in some decrease in the length of river seriously 
affected. 

SUMMARY AND CONCLUSIONS 


1. The data collected during the survey show definitely that critical 
dissolved oxygen depletion and resulting unfavorable dissolved oxygen 
balance existed in Illinois River between Peoria and Beardstown during 
July and August, 1936. Satisfactory river conditions were found to exist 
above Peoria. 

2. The analysis made of the data indicates that the stretch of river 
between Mile 162.0 and Beardstown had a total reaeration capacity of 
some 526,000 pounds of oxygen per day under the prevailing flow condi- 
tions and that the coefficient defining the mean rate of reaeration in that 
stretch (kz) is 0.384 (at 27° C.). The total B.O.D. exerted in the same 
stretch was estimated to be 667,000 pounds per day for the period of study. 

3. It is further indicated that the critical conditions created during 
the period of study were due largely to the presence of sludge deposits 
between Peoria and Havana which exerted an estimated demand of some 
263,000 pounds per day. This high value shows the cumulative effect 
of these deposits in that their greatest demand is exerted at time of 
critically low, summer river flows. It is estimated that if the sludge 
deposits had not been present, satisfactory oxygen conditions in the river 
might have been expected at the time of the survey. 

4. A permissible limit of pollution at Peoria and Pekin is computed to 
be 292,000 pounds of 20° B.O.D. per day, which limiting value should 
not cause dissolved oxygen depletion to less than 4.0 p.p.m., provided 
that only a moderate amount of organic matter capable of creating sludge 
deposits is present in the wastes discharged to the river. This statement 
pertains only to flow conditions similar to those prevailing in the stretch 
of river at the time the data for this report were collected and is not 
meant to imply that only suspended matter removal from the industrial 
wastes by sedimentation or similar means would be adequate to insure 
permanently satisfactory river conditions. 

5. Consideration of the qualitative and hydraulic changes in the river 
above and below Peoria which will have taken place by 1940 indicates 
that the permissible pollutional limit will be lower at that time than de- 
termined for 1936 conditions because of the probable reduction in naturai 
purification ability of the river in 1940. 

6. The abatement policy adopted for control of industrial pollution at 
Peoria and Pekin must include provision for the future. Without ques- 
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tion, a continued industrial growth can be expected in the area and the 
degree of treatment required at present must be sufficiently high to leave 
a material pollution assimilation capacity in Illinois River to care for 
future industrial development. 

Wherever possible, depending upon the nature of the individual waste, 
provision for higher degrees of treatment may be made progressively as 
the rate of future industrial growth requires but a reasonable factor of 
safety must be maintained at all times to protect the river. 

7. To prevent critical river conditions subsequent to December 31, 
1938, it is obvious that settleable organic solids capable of producing 
sludge deposits must be removed to the greatest possible extent. In 
addition, an appreciable reduction in non-settleable organic matter is 
indicated if natural river purification agencies are to be expected to keep 
pace with deoxygenation. 

No attempt will be made here to establish detailed immediate treat- 
ment requirements due to the individualized nature of the various in- 
dustrial wastes involved. Also, in some instances, pollution reduction 
will be effected through by-product recovery or through process changes 
to reduce unnecessary losses in raw materials. Therefore, it appears 
much more logical to study each industrial problem separately so as to 
avoid any demands which might be unreasonable or impractical at 
this time. 
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Operators’ Reports and Suggestions 


W. D. Harrietp 
219 Linden Place, Decatur, Ill. 


DE KALB SANITARY DISTRICT, DE KALB, ILL. 
Excerpts From KignutuH ANNUAL Report For THE YEAR 1937 


By Donaup KE. Henn 


Superintendent 


Sewace F'Low 


The total sewage flow for the year was 445.21 million gallons, of 
which 422.72 million gallons or 96.5 per cent were given complete 
treatment, 15.29 million gallons were by-passed with no treatment, and 
7.20 million gallons were by-passed at the filters after primary treat- 
ment. 

A total of 60.81 million gallons of plant effluent was returned to the 
raw sewage conduit during the canning season as diluting water, which 
was mixed with the strong raw sewage during dry weather when the 
canning plant was operating. 

The treatment plant was in continuous operation during the year 
and no sewage was by-passed to the river except at times of storms 
when the sewage flow exceeded 21% times the dry weather flow and the 
sapacity of the plant. 

The analytical data show the plant operated at a high efficiency 
throughout the year. <A yearly average of 94 per cent reduction in 
suspended solids and 91 per cent reduction in the biochemical oxygen 
demand of the raw sewage was accomplished. The uniformity of the 
operation of the plant is attested by the small variation of monthly 
averages, for instance reduction of suspended solids, which varied 
between 91 per cent and 96 per cent during the year. 


PLANT OPERATION 


Bar Screen.—The mechanically cleaned bar screen operated effi- 
ciently throughout the year. The building, screen channel and screen 
were cleaned at least once each week by flushing with a hose, and the 
screenings were removed daily. The motor on the mechanism was 
serviced and painted during February, and the only difficulty with this 
unit developed on December 16th when the mechanism stuck and stalled 
the motor, causing the motor to heat sufficiently before a fuse was blown 
to melt the insulating varnish off the wiring. The motor was removed, 
cleaned and repainted and put back on the mechanism on the 17th. 

Grit Chambers.—The grit channels were cleaned once each week, 
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except during periods of high sewage flows when it is necessary to clean 
them more often, due to the quantities of grit which are washed into 
the sewers and to the flushing of low velocity sewers about town. All 
grit is flushed to sand drying beds and removed to be used as fill. No 
record is kept of the quantities of grit removed. 

Primary Settling Tank.—This unit was in service throughout the 
vear. Scum and all floating materials, grease, etc. were flushed to the 
skimming pit and then pumped to the digester. The tank was skimmed 
onee each day during the warm summer months and.as needed the rest 
of the year. The unit continued to give good clarification, the yearly 
average being 82 per cent removal of total suspended solids. From 
tests run every five days it is estimated that a total of 400 tons of dry 
solids were removed by this unit during the year. The influent and 
effluent channels of the tank were cleaned several times without de- 
watering or interrupting the service of the unit. 

The return of plant effluent to the raw sewage conduit during 
periods of low flows and during the time the canning company is operat- 
ing continues to prevent uncontrollable septic conditions in the unit. 

Dosing Tanks.—These controlling units operated without difficulty 
throughout the year. They were kept clean by hosing down the sides 
and bottoms regularly. 

The loose board winter cover was removed on March 10th and re- 
placed on December 9th. The only item of maintenance of these units 
is on the 124 boards which make up this cover. The boards are painted 
each fall before being placed on the tanks as they are subjected to 
severe weathering while in use. In spite of the short time they are on 
the tanks each year and the care given them, 41 of the original 124 
boards bought in the fall of 1930 have rotted or broken and have been 
replaced. The remaining 83 original boards are all getting weak and 
will have to be replaced very soon. The boards are sorted each year 
and those not fit for use discarded and new ones purchased. Thus far 
12 boards have been the most that have had to be purchased any one 
year, 10 being bought this fall. By replacing a few boards each year 
this maintenance is spread and never becomes a large item of cost. 

Filter Beds—These biological units operated efficiently throughout 
the year and no ponding or clogging of the surface developed except 
in very localized, small areas late in the spring when the river was 
-backed up over the underdrains and the sewage flow was high. This 
slight ponding caused no trouble as it never included as much as 5 per 
cent of the area of the beds and reduced itself as soon as the beds 
started to unload early in June. Very good reductions of the B.O.D. 
of the primary tank effluent were obtained throughout the year, the 
vearly average being 79 per cent. 

The beds were rested alternately during September, each bed being 
by-passed four days, and all sewage was dosed to the other bed while 
one was being by-passed. This resting and drying out caused a notice- 
able unloading of the beds for a few days when they were returned to 
service. The beds started the fall and winter months in prime con- 
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dition and no difficulty is anticipated in their operation from ponding 
or clogging. 

Secondary Settling Tank.—Due to high river flows, this unit was 
not put into operation until June 1st and was operated until December 
Ist. Some filter effluent was allowed to flow through the tank during 
December to prevent the formation of thick ice in the tank. The only 
repair necessary was to the power wires under the bridge on June 18th. 

Sludge Pump (Dorrco).—This unit pumps raw sludge from the 
primary settling tank to the digester. No change in the method of 
pumping was tried as the automatic operation for 15 minutes each at 
1:00 p.m., 10:00 p.m. and 3:00 a.m. and manual operation from 15 to 
45 minutes each morning and afternoon gives a very equal loading of 
the digester over the 24 hours, removes sludge from the primary tank 
every few hours, and yet gives the sludge in the digester time to settle 
between pumpings. 

During February the motor was serviced and painted inside and 
out with insulating varnish and the drive chains cleaned and inspected. 
No noticeable wear was observed on these chains after seven years of 
service. 

Digester.—Considerable time and thought were given this unit 
during the year. While no serious difficulty was experienced in its 
operation, several conditions developed which needed attention. ‘In 
February the liquor in the digester was covered with a rather thick and 
deep scum. In July, due to the quantities of humus sludge added from 
the secondary tank, the digester filled with a very thin sludge and the 
overflow became heavy. Quantities of sludge were drawn to the drying 
beds and 125 lbs. of lime were added on July 30th. The digester settled 
down early in August and caused no further difficulties due to bulking 
sludge. As reported in the 1936 report, it became evident during the 
winter of 1936 and ’37 that the heating coils in the digester were 
covered with a hard sludge cake which had reduced their efficiency in 
transferring heat to the point where suitable temperatures could not 
be maintained in the unit. Plans were formulated early in the year to 
drain and service this unit some time during the early fall. On the 
8th of September all was ready, and this unit was drained and serviced 
and put back into operation on September 19th. While the digester 
was out of service the sludge storage tanks were used as digesters and 
the operation of the plant was not interrupted. 

Sludge Drying Beds—The regular sand sludge drying beds were 
used to dry sludge from the digester during the summer months. A 
total of 62 beds of sludge, each 8 to 10 inches deep, was drawn between 
March 23rd and October 27th. In April the beds were all serviced and 
three beds were rebuilt. 

The three auxiliary sludge drying beds, with a combined area of 
9150 sq. ft., were used during the summer season to dry the sludge 
which had been accumulated in the storage tanks. These units, con- 
sisting of leveled areas with dirt dikes, are becoming very uneven and 
deeper each year and will havé to be rebuilt in the near future. 
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An additional temporary sludge lagoon was made early in Sep- 
tember by slipping out a hole just east of the auxiliary beds. This 
lagoon was filled with sludge from the digester when it was drained. 

Canner’s Circulating Pump—This unit, owned by the California 
Packing Corp. and located at the District’s Plant and operated by the 
District, was used on 57 days between July 8th and September 20th 
under the same method of operation as that used each year since and 
including 1934. A total of 60.81 million gallons of plant effluent were 
returned to the raw sewage conduit with a power input of 8138 K.W. 
Hrs. which cost $122.07, or $2.02 per million gallons pumped. 


CANNING WASTES 


The canning company operated their plant on 59 days between 
June 22nd and September 15th inclusive. Peas were packed on 8 days 
during June, starting on the 22nd, and 16 days in July, completing the 
pack on the 21st. Corn and lima beans were packed on 21 days in 
August, starting on the 7th, and on 14 days in September, completing 
the year’s operations on the 15th. 

Although the canning company enjoyed a very successful season, 
canning well over one-half million cases of 24 cans each, of corn alone, 
no unusual difficulty was experienced in handling the canning wastes. 
The recirculating pump was operated on 57 days to return a total of 
60.81 million gallons of plant effluent to the raw sewage conduit, and 
this method of operation continued to prevent a recurrence of the 
serious operating difficulties experienced the first few years the treat- 
ment plant was in operation. 

As reported elsewhere in this report, the treatment of canning 
wastes is still a major problem in many localities in the country and 
DeKalb is fortunate that due to local conditions this problem has been 
solved in this District, at least for the time being. 


APPENDIX I 


Report oN THE Dratnine, REPAIRING AND SERVICING OF THE 
Digester Unit 


De Kalb Sanitary District, De Kalb, Illinois 


September, 1937 


For the last year or year and a half it has been becoming increas- 
ingly evident that the heating coils in the digester were coating with 
a cake that was insulating the coils and reducing the transfer of heat. 
During the winter of 1936 and ’37 the temperature in the digester 
dropped below efficient digesting temperatures, and it became evident 
that it would be unwise to attempt to face another winter season with- 
out attempting to at least return the existing heating coils to their 
original efficiency. 
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All sludge in the digester was drawn to the storage tanks and all 
water and scum to the drying beds. The digester was then pumped 
full of plant effluent to purge it of gas and this water was then drawn to 
the drying beds where it soon drained through the sand. 

An air blower rated at 1200 eu. ft. of air per minute was set over 
one of the manholes of the digester to blow through a 20-in. pipe to the 
hottom of it. This gave a theoretical change of air every 18 minutes. 
This fan was started on the afternoon of September 11th, and ran con- 
tinuously for 40 hours before any attempt was made to enter the tank. 
The fan was run continuously until the work was completed. 

Monday, September 13th, several sparrows were trapped and 
lowered into the tank in a cage and left there all day without any ad- 
verse effects. This gave assurance concerning the condition of the 
air in the bottom of the unit. 

The only unforeseen difficulty arose Monday a.m. when it was dis- 
covered that one of the seum breaker arms was bent very badly. After 
a hurried conference it was decided to remove both scum breaker arms, 
as it was agreed that the real seum arms were in the bottom of the tank. 
The removal of the arms made it necessary to construct staging in the 
tank, eut out the arms, and then remove the staging in sections. This 
work required three days. Thursday, September 16th, work was 
started on cleaning the cake off the existing heating coils and the in- 
stallation of a new coil. The cake on the existing coils averaged % of 
an ineh thick and was made up of very definite laminated layers. No 
difficulty was experienced in breaking this cake off of the pipes, less 
than 8 man hours being required to clean 380 ft. of 114 inch pipe. 

The existing heating coil in the digester consisted of three 144 in. 
pipes hung on the wall of the round tank, each pipe being 125 ft. long, 
starting and ending in a header. <A connection was made in the pipe 
from the return header and one 2-in. pipe connected to it and carried 
around the digester and back to the return pipe to the heating unit in 
the office. Thus all hot water pumped through the heating unit will 
circle the digester first through one of the three 114 in. pipes and then 
a second time through the 2-in. pipe. It is estimated that this will in- 
crease the heating capacity by about one-half. This additional heating 
pipe was installed for two reasons—one immediate, the other per- 
manent. Previously the average temperature in the digester could be 
raised only about 2° F. per week in mild weather, and held constant in 
cold weather, with a loss of temperature during the severe months of 
the winter. Then it was necessary to start the winter with high di- 
gester temperatures in order to have digesting temperatures above 70° 
I’. by spring. It was also necessary to carry high temperatures in the 
heating coils, which added to the caking, with resultant loss in heat 
transfer. Because it was necessary to do this work in the fall, making 
necessary the filling of the digester with relatively cold water late in 
September, it was evident that with the existing heating unit a suf- 
ficiently high temperature could not be obtained in the digester before 
cold weather to carry over until spring. With the additional heating 
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coil it was hoped the temperature could be raised more rapidly and 
then maintained. The second and more important reason for the 
addition was that much lower temperatures can now be earried in the 
heating coils with the resultant reduction in caking of sludge on the 
heating pipes. 

At 10:30 a.m. on September 17th, just nine days after work was 
started, the work was completed and the sludge pump started pumping 
seed sludge to the digester. 

During the time the digester was out of service all raw sludge was 
pumped to the storage tanks which had been well seeded with sludge 
from the digester. When work on the digester was completed, digest- 
ing sludge from the tanks was pumped to the digester, raw sludge 
added to it and filled with plant effluent. The digester was full at 
8 a.m. September 19th and was producing gas at the rate of 142 eu. ft. 
per hour, which increased gradually to 384 ecu. ft. per hour, or 9200 
cu. ft. per day, by September 23rd. The temperature of the sludge on 
September 19th, was 73, the pH 6.8, and volatile matter in seed sludge 
46 per cent of dry solids. The heater and circulating pump were 
started on September 19th and by October 2nd the temperature of the 
sludge had raised to 87° F., the average temperature to 84.4° F. and 
the pH to 7.0 without the addition of lime, and the digester had settled 
down to normal operation. 

This rather difficult and dangerous work was completed without 
an accident of any kind to either man or equipment and without loss 
of efficiency of the plant. Two laborers were hired to assist the regular 
plant personnel of superintendent and helper. 


THE MINEOLA SEWAGE TREATMENT PLANT * 


By Frank H. Hatu 


Chie f Operator, Sewage Treatment Plant, Mineola, N. Y. 


The Village of Mineola could be rightly called the ‘‘Hub’’ of Nassau 
County; located as it is half way between the north and south shores 
of Long Island. Its rapid growth can be attributed to its fine roads, 
its wonderful train service and the fact that it is the county seat of 
Nassau County. 

The population in 1920 was 3,016; in 1925, 5,240; in 1930, 8,139 and 
in 1937 over 11,000. 

The Village is located on what was once called the Flatlands of 
Nassau County and there is only 15 ft. difference in elevation between 
the highest and lowest points. 

In 1928 the taxpayers voted for a sewerage system and disposal 
plant and in August of that year construction started. The plant was 
finished in October, 1929, and in operation November 1929. 

* Presented at the Fall Meeting of the New York State Sewage Works Association, 
Elmira, N. Y., October 15-16, 1937. 
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The activated sludge plant was designed to handle 1 m.g.d. from a 
population of 10,000. 

All but a small portion of the village sewage drains to a central 
pumping station in the Village Park on Garfield Avenue. There the 
sewage enters the sump through a 24-in. sewer to a ‘‘Y’’ channel. 
On each branch of the ‘‘Y’’ there is a basket screen through which the 
sewage flows before reaching the pump section. Now a word as to 
these baskets. When the plant opened we had the regulation basket 
with all its cleaning horrors. A basket was built by connecting two 
24-in. hoops with *4-in. by %¢-in. iron straps 3 ft. long, bent over and 
spot-welded at each end to the hoops. These straps are placed 6-in. 
to centers. One-inch poultry wire 3 ft. wide is then cut to the right 
length to line the inside of the basket. The bottom of the basket being 
solid, all sewage must pass through the 1-in. mesh wire. The basket 
is hoisted out of the pit by a hand operated portable derrick, swung 
over a truck and lowered on its side. The wire rod lacing the ends of 
the poultry wire together is pulled out. The poultry wire is pushed 
away from the basket sides and the derrick hook is taken off the handle 
of the basket and placed on the bottom hoop of the basket. The basket 
is then hoisted bottom side up and the screenings slide into the truck. 
The saving in labor more than offsets the cost of wire. 

The raw sewage is chlorinated during the six warm months of the 
vear by a Wallace and Tiernan Vacuum Type Chlorinator; the average 
use of chlorine is 31 Ib. daily. Three A.C. motor-driven vertical cen- 
trifugal pumps of 1, 2 and 2.5 m.g.d. capacity handle the raw sewage 
and deliver it to the treatment plant, a mile away, through an 18-in. 
east iron main. (Note—Since the opening of the plant the 2 m.g.d. 
pump handled practically all of this sewage until it was taken out of 
service for repairs on August 25th of this year.) All pumps are float- 
controlled. A standby gasoline driven electrical generator, capable 
of handling all three units in an emergency, is also installed in the 
pump house. 

The disposal plant is located on the State Place just off Westbury 
Avenue. The blower house faces north and the tanks are located to 
the west of the house, extending east and west. 

First comes the four digesters with a total capacity of 30,700 eu. ft., 
with their access manholes forming an opening in the center of the 
square formed by the four tanks, through which inlet and overflow 
valves are operated. These tanks are 23 ft. by 20 ft. each, the long 
dimension running north and south, and average 15 ft. deep. They 
have solid conerete decks. All openings in the tanks are projected 
below the surface of the liquid so that all gas is trapped and gathered 
in a gas dome and piped to filters and flame traps and from there to 
boilers used to heat circulating water for the heating coils of the 
digesters. 

These tanks were without heat originally but we had to install 
heating coils to keep the plant operating efficiently. About 1,200 ft. 
of galvanized W. I. 21%4-in. pipe was ordered cut to 20 ft. and 10 ft. 
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lengths, respectively, and frames were made of 6 by 6-in. lumber to 
hold the pipes, in a manner somewhat similar to the posts of a rail 
fence. Four sets of posts were made for each tank, and they were 
painted with hot tar after holes had been drilled for bolts. These holes 
were so drilled that each pipe had a slight pitch and after all were in 
place the bolts were tightened, forming what looked like a fence in the 
tank, enclosing an area 10 ft. by 20 ft. and five pipes high, using 300 lin. 
ft.to atank. The bottom of the posts rested on the tank floor. Each 
pipe end was reduced to 1-in. and from there to central control valves 
and heater all piping is 1-in. with all exposed pipe covered with three- 
cell asbestos pipe covering, a layer of hair felt and wrapped with water- 
proof paper. This gives good results and in winter the temperature 
of the sludge can be taken by reading the temperature of the return 
water. In 1936 we added an oil-fired water heater to help maintain 
the temperature in the digesters in winter and by keeping the tempera- 
ture as close to 80° as possible we had fine results. 

Lime is added to the digesters by feeding it to the top of this tank in 
solution, while pumping as required to keep the reaction neutral or a 
little above. We have found it best to feed lime while pumping the 
preliminary tank to the digester. One bag daily is required for each 
of the three preliminary tanks, and one bag per 7,000 gal. of return 
sludge pumped to the digester. All liming is done by lime solution. 
One or two bags are dumped into the lime solution tank which is kept 
agitated by air and then pumped to any part of the plant the operator 
may see fit. This way of handling lime has given no trouble whatso- 
ever. All lines are flushed out with clear water when through using. 

Between the digesters and the three preliminary settling tanks 
comes the raw sewage channel. Total capacity of the three prelim- 
inary tanks is 50,000 gallons, providing a detention period of 1.2 hr. 
for 1.0m.g.d._ Four 8-in. outlets in the bottom of the channel over each 
tank (24 in all) distribute the raw sewage evenly in a downward direc- 
tion of flow to each of the three tanks. Located directly under each 
outlet is a hinged baffle held at an angle by a chain extending to the 
top of the tank. This baffle deflects settleable solids to the center of 
the preliminary tanks. A wooden baffle extends above and below the 
level of sewage in the tanks, and prevents floating solids from entering 
the effluent channel. Sludge scrapers in the preliminary tanks are used 
twice daily; once at 7:30 a.m. for 20 minutes to agitate and settle raw 
sludge and again at 1 p.m. when the tanks are pumped clean. As the 
raw sewage is pumped intermittently great care is taken to start the 
scrapers a short time after pumping stops so that the solids have a 
chance to settle before pumping starts again. All washing of tanks 
and breaking up of floating solids is done at the same time so that the 
smallest amount of solids reach the settled sewage channel and from 
there to the activated channel. The settled sewage channel is kept 
agitated by air at all times so that solids will not settle and become 
septic. 

Before I go further let me state we get best results from inter- 
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mittent pumping, although great care must be taken to get just the 
right amount of pumping, that is to pump often with a short idle period, 
not to set the floats to get too large a quantity at one time. We are 
now averaging 17,000 gallons per pumping. 

At the south end of the settled sewage channel is a mixing chamber 
where the settled raw sewage meets the reaerated return sludge from 
the air lifts. 

After flowing through the mixing chamber the mixed raw settled 
sewage and return sludge flow into five aeration tanks which have a 
capacity of 220,000 gallons and a detention period of about five hours 
with 1.0 m.g.d. flow. 

We also feed lime daily to the activated sludge. The lime solution 
is fed through pipes to channels 1, 3 and 5 and we try to maintain a 
pH of 7.2, which in our case requires one bag of lime to each 225,000 
gallons of sewage. , 

Lime not only has a chemical effect on the sludge but the small 
erains become attached to the floe and help settle the sludge in the final 
tank. Not long ago we had a laundry in the village and the chemicals 
they used raised the pH so much that we could not feed lime. After 
much experimenting clay was used and this seemed to do the job 
weighting the floe down but as these fine particles of clay were also 
highly abrasive, its use was discontinued and a very fine settled silt 
was used. We have no laboratory to speak of so we take the simpler 
tests for dissolved oxygen, stability, pH, percentage of settled solids, 
and therefore most of our work is done along practical lines. We 
classify the floe in the activated as light, normal and heavy; bearing 
in mind at all times that the oxygen demand of our settled raw sewage 
where it mixes with the return sludge is the biggest factor. Yet the 
D.O. content of the effluent compared with the D.O. of the influent to 
the final tanks tells us sometimes hours in advance what will happen if 
we don’t do certain things, and I, for one, owe Mr. Gilecreas a vote of 
thanks for his simplified amidol D.O. Test. 

Rate of flow, or B.O.D. of incoming raw sewage, and temperature 
control the percentage of sludge in the activator. During summer 
months when the aeration tanks have temperatures over 70° and the 
flow is greatest, we keep the percentage of sludge between 18 and 24. 
In the winter when the temperature drops to 48 and the flow slackens 
we keep the sludge up to 28 and 36 per cent. Dissolved oxygen tests 
are taken often in summer, because, as we use chlorine for odor control 
only, stoppage of sewage in a main line, if only for an hour, puts a big 
load of highly septic sewage on the plant and the system must then be 
lightened to give this sewage all the air possible. 

Carborundum porous tubes 514 ft. below the surface of the activated 
sludge are used to diffuse the air. 

After passing through the aeration tanks the activated sewage and 
sewage flows into a channel which diverts it equally into the two final 
settling tanks. The floc settles to the bottom of the tank where it is 
scraped to the center and picked up by the air lifts, put back into cir- 











culation again or wasted to a digester. The clear effluent flows over 


160 ft. of V-notch weirs per tank to the effluent channels and from there 
to any of the eight percolation beds 110 by 125 ft. each. 


Our effluent has been of such a high order that at no time during 


the past year was more than one bed wet and we are cleaning our 
percolation beds now for the first time since June of this year. 

Deming Cross, operator, takes a great deal of interest in the plant 
and much credit is due him for the assistance he renders in the good 
performance of our plant. 


RAHWAY VALLEY, NEW JERSEY, JOINT MEETING 
SEWAGE TREATMENT WORKS 


Excerpts From First ANNUAL REpPoRT 
June 1 to December 31, 1937 
By Norman C. Wittwer 


Supervising Sanitary Engineer 


The first part-year of operation of the sewage treatment works was 
conspicuous by the comparative freedom from the many operating 
difficulties generally associated with the tuning-up of plants of this 
character. This reflects great credit upon the Joint Meeting and its 
consulting engineers for the thoroughness and painstaking care with 
which the entire project was initiated and carried through to comple- 
tion. However, we have not been entirely free from operating kinks. 
Most of these have been mechanical and hydraulic rather than bio- 
logical in nature, and have either been satsfactorily adjusted, or are in 
the process of being solved. 

Design Capacities.—All trunk sewers are designed for the estimated 
maximum flows in 1960, when flowing full. Capacities increase pro- 
gressively toward the sewage treatment works, where the capacity of 
the 72 in. diameter trunk sewer is rated at 55 million gallons per day. 
The individual treatment plant units have the following design 
capacities : 


SUSMRIORIMNNIENOE 55 ccs Gis SAR ewics os SAO o 55.0 m.g.d. 
BREIANICAL ETON. . 5. 6.66. ie bce access 55.0 m.g.d. 
SSIES OU er eee 56.0 m.g.d. 
ROEM MME IR UREENERS 22 oils Sas din eis haa SURI Gee 12.5 m.g.d. 
SRNINMMRII ME OMNNRRE ooh. 55s a,b oso eeisias 225 6 75,000 persons 
ERE ORES: So. 555 5 ain ois nsw eae oan 75,000 persons 
IOEMMMORWET Shoo eho Ga seninccaeses 55.0 m.g.d. 


Connected Population—aAccurate figures on the number of persons 
connected into the system are difficult to obtain. The quantity of 
industrial wastes in 1937 was relatively small. In general, these wastes 
were unobjectionable from the standpoint of plant operation. There- 
fore, they will not be reduced to an equivalent population load. The 
following estimate is believed to be reasonably correct. 


606 SEWAGE WORKS JOURNAL May, 1938 














RAHWAY VALLEY, N. J.. JOINT MEETING 607 


Vol. 10, No. 3 











Connected Probable Con- 

Population nected Population 
in 1937 in 1938 
IG WIG! WHEBUMEIGS 3.0 85.5% <a «obs Seis arse tvalee 16,000 16,000 
MSIGY, OLE WAY oe 55 oe 6 os sa Soon Re oa — 17,000 
POWMSHID OF GIARIORG «2:6. 6/6500 b.4 64 ween 9,000 12,000 
BOTOUR Ol GOTWOOR S56 o65.0 605 Fas ae eee es es 3,600 3,600 
Borougn of Roselle Park 2.005.666 ea wees 600 600 
‘LOWPRSHID OF SPTINRHClG... oc. ...60 6c. cece ses 5,000 5,000 
BOrongn OF TENIWOFUR.. .. 5.5.6 csc5-5 cca as cee 1,100 1,100 
Township of Woodbridge................... 3,200 3,200 
SOW NSHIO OL COIATIE gels) oceies ofa Dated sane 700 900 
BUGIS. Biot cis on nee aro in cern ees 39,200 59,400 





Sewace TREATMENT WorkKS 


General.—As was to be expected so soon after the completion of the 
plant, very few repairs to the mechanical equipment were necessary 
during 1937. A contract was let in November for a number of mis- 
cellaneous improvements to the plant. These included pipe railings 
for the settling tanks and the steps to the digestion tanks, grit chamber 
and grease chamber; steel plate covers over the emergency screen; wire 
euards for the mechanically-operated screen and No. 4 sewage pump 
motor; a pipe railing in front of the switchboard; and other safety 
In addition, handwheel operated gates were included for the 
inlets to each of the nine settling tank compartments. Cypress baffle 
plates are to be installed at the settling tank outlets. As of December 
31st, the installation of the above equipment had not begun. 

Plant Performance.—The entire plant performed very satisfactorily 
the functions for which it was designed. Table I shows the average 
flow, power cost, chlorine used, and operating cost. Two yardsticks of 
overall performance have been used, each somewhat dependent upon 
the other, viz: 


devices. 


TaBLeE I.—Summary of Operating Data 









































Average 
Average Daily Power Average Operating 
Month Daily Flow Rainfall Cost Chlorine | Operating Cost 
1937 Flow per In. per Dosage + Cost t per M.g. 
M.g. Capita M.g. P.p.m. Flow 
Gal. 
DUNG i Stacie 5.64 143 — $2.10 $2115.05 $12.50 
July 5.48 139 — 1.90 6.9 3250.58 19.16 
BNE oe eet. 7.35 186 7.84 1.73 7.2 2875.13 12.60 
<2) ee ee 6.43 163 3.39 1.86 6.4 2969.35 15.45 
0 ee 6.11 154 4.67 1.90 9.1 3279.00 17.30 
OV ssisesrecs xs 8.37 212 5.04 1.57 lal 2607.32 10.40 
DER: icra 8.48 215 1.37 1.68 2692.40 10.25 
RVR dosatic 6.83 173 1.79 7.5 $2826.98 $13.55 





* No records obtained. 
+ July to October inclusive. 


t Includes cost of trunk sewer maintenance. 
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(1) The removal of solid material, including wet settleable sus- 
pended solids, grit, screenings and grease, amounted to an average of 
185 tons per month or 6 tons per day. This was approximately 75 per 
cent of the total suspended solids entering the plant. 

(2) The reduction in biochemical oxygen demand averaged 42 per 
cent, or from 3.2 tons per day in the raw sewage to 1.8 tons in the 
effluent. 

Grit Chamber.—The grit chamber has performed its functions very 
efficiently to date. Under normal conditions, little evidence of grit was 
noticeable in the sludge withdrawn from the settling tanks. Only 
during periods of extremely heavy flow did appreciable quantities of 
grit pass through the grit chamber to be deposited in the settling tanks. 
The average quantity of grit removed from the sewage daily by the grit 
chamber was 1,650 pounds. Except during storm flows, the average 
quantity of grit per day was approximately 1,500 pounds. During 
heavy storms, the quantity of grit removed has been as high as 7,900 
pounds per day, or 3.95 tons. 

The grit platform, onto which the grit is discharged, was found to 
be too low, flooding to a depth of a foot or more during periods of high 
tide or heavy rain. A new concrete platform was constructed on the 
old platform, raising the working level two feet. No difficulty due to 
flooding has since been experienced. 

Screening.—The mechanically-cleaned screen was entirely free from 
trouble or repairs. The total amount of screenings removed from the 
sewage averaged 470 pounds per day. This quantity is equivalent to 
69 pounds per million gallons of sewage flow, or 12 pounds per day for 
each 1,000 persons connected into the system. 

The incinerator has not been used for the destruction of screenings 
as it was found by experience that the relatively small quantities of 
sereenings obtained during the year could be more economically dis- 
posed of by burying in the meadows which form part of the plant 
property. 

Chlorination.—Chlorine was applied to the sewage up to the first 
week in November, at which time permission was received from the 
State Department of Health to discontinue the application from Oc- 
tober 15th to May 15th of each year. Varying strengths of chlorine 
dosage were experimented with during the period chlorine was used. 
Chlorine demand tests were run daily in order to correlate periodic 
variations in the strength of sewage with the quantities of chlorine 
required to produce the necessary chlorine residual required in the 
effluent by the State Board of Health. Experiments up to the end of 
the year indicate that a probable dosage of 10 parts per million will 
be required to produce a positive residual in the effluent at all times. 

Settling Tanks.—551,814 cubic feet, or 1,740 tons of wet settleable 
suspended solids were removed from the sewage by the settling tanks. 
Unit quantities of solids removed were as follows: 





PAAR ON SUDNUIN ovo ok6 osc w sisi Swiss Si4.elsi be 85,500 cu. ft. 
UAE Co ar a ee a ee 2,790 cu. ft. 
Average per capita per day................. .071 cu. ft. 


All of this material was pumped into the digestion tanks. 
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The combined removal of settleable suspended solids by the three 
settling tanks, acting in parallel, was 71.7 per cent of the settleable 
suspended solids in the incoming raw sewage. 

Sludge Digestion—Effective control of sludge digestion has been 
obtained by careful regulation of sludge additions and withdrawals, and 
by routine laboratory analyses. Lime was added in a milk of lime 
solution, when necessary, to raise or maintain the pH of the digesting 
sludge above 7.0. The temperature of the primary digesters was main- 
tained well above 80° F. at all times. The average amount of sus- 
pended solids in the supernatant liquor was 892 parts per million. 

Trouble was experienced from the beginning with the primary di- 
gester sampling pipes. The sampling pipes were so constructed that 
the lower ends of the pipes were flush with the tank ceilings. This gave 
rise to two problems: 


(1) Foaming sludge bubbled through the sampling pipes, sometimes in 
sufficient quantities to spread over a considerable area of ground. 

(2) Loss of gas was occasioned by a sufficient drop in the level of the 
sludge to permit the generated gas to escape through the sampl- 
ing pipes directly into the atmosphere. 


This condition was corrected by inserting 7-inch pipes inside the 
8-inch sampling pipes, the 7-inch pipes being extended 3 feet below the 
tank ceilings. The air space between the 7-inch and 8-inch pipes was 
eaulked gas-tight with lead wool. Since the change was made, all of 
the troubles have disappeared. 

Foaming occurred in the primary digesters on several occasions, 
This was corrected by the withdrawal of sludge from the bottom of the 
tanks and recireulating it back into the inlet pipes, meanwhile running 
the turbo-mixers continuously. Addition of milk of lime to the recir- 
culated sludge also aided materially in the reduction in or elimination 
of foaming. 

The following summary is for the six and one-half months period 
from June 16th to December 31st, starting with digestion tanks on 
June 16th which contained for the most part heated raw sewage, with 
very little sludge. 


Raw wet sludge pumped to digesters: ........ 6.0.00. cccssecccusnet | 551,814 cu.ft. 

or 17,500 tons 
"EGU SONGS IB FAW GIIITO 482909). os odio soe eile ae oe eniec ee nesses 963 tons 
Vaisieie SONGS AN total GONGB (IO) 96) oieicicco. koe oes ca ects cheese 675 tons 
Mineral solids in total solids (Z0:9%) ... 6.006.565 cece sce ccc esic inset 288 tons 
Volatile solids in digested sludge (46.7%)... 2.0... . ccc cece ccc eeeeee 252 tons 
Total solids in digested sludge (6.2%)... ... ee ned beeen cae sene's 540 tons 
MGT WU CR OSUCC SEOs 52,5 9.00 oh cinl St slelb ota ce 6 one's, Srovancler w Slee at 870 tons 

or 279,000 cu.ft. 
CANA UT OMNI TIN GOO UMMC Soc Gaile oc on Se Gays ae wee 4 ola Syale oneness ays 44.4 per cent 
RAMI O MIA VGC ROMS: 55 95.2 od isan ar e.ci.c) sie ceea hes os siaiw Scag aNaceyal Sisto 63.3 per cent 
Sludge withdrawn to-:dryine beds: ... 666: 660s cea sweden ct esmees 187,500 cu.ft. 
DUPOMDACANO WIGUOL WAUAUTAWIN s.o)5 6.56 tie sceik cs o2015 Saisie a eee sien a cesieonsiers 283,000 cu.ft. 


Gas Production and Utilization—Due to the adjustment required 
in the gas relief pot, measurement of the total gas production was im- 








610 SEWAGE WORKS JOURNAL May, 1938 


possible during 1937. The new gas relief valve was installed in De- 
cember, and immediate measurement of the total quantity of generated 
gas was begun. Gas measurements to date indicate an average daily 
gas production of approximately 50,000 cubic feet, or 1.27 cubic feet per 
day per capita. 

The average heating or fuel value of the gas was 570 B.t.u., slightly 
higher than that of artificial gas, but lower than that of natural gas. 

Sludge Drying and Final Disposal.—A partial blockage occurred in 
the 8-inch cast iron sludge line between the digestion tanks and the 
drying beds. One new manhole was constructed at the end of the line, 
and another is under construction at the angle in the line just west of 
the drying beds. The completion of these manholes will greatly facili- 
tate the maintenance of this pipe line. 

187,296 cubic feet of wet sludge were applied to the drying beds. 
Both the open and covered beds were used as occasion demanded. Our 
experience has shown that in the warm summer months, sludge dries 
to a forkable condition much more rapidly on the open beds than on 
the covered beds. During the late fall and winter months, however, 
drying is more rapid on the covered beds. 

The average time required for drying sludge varied from 21 days 
in July and August to 57 days in November and December. Freezing 
weather in December facilitated the removal of sludge which otherwise 
would have been too wet to handle. 

Approximately 10,000 cubic feet of forkable sludge was removed 
from the beds. A small quantity of this sludge was ground for fer- 
tilizer purposes. <A large quantity of the dried sludge was removed 
from the beds by Rahway Reformatory labor, and taken in their trucks 
to the Reformatory farm. 

Several analyses of the sludge cake indicated an organic nitrogen 
content of approximately 2 per cent, based on the dry weight. 

Maintenance of Grounds.—The plant property within the fence is 
extensive, with a considerable area of lawn and embankments. As was 
to be expected, a few improvements were necessary to bring the ground 
to a serviceable condition. The major improvements were as follows: 


(1) A concrete curb was constructed at the north end of the road- 
way alongside of the service building. A new concrete dish-gutter was 
constructed from the end of this curb, down the embankment and into 
a new inlet adjacent to the grit chamber platform. From this inlet a 
6-inch terra cotta pipe was laid a distance of about 60 feet to a point of 
discharge in the meadow. 

(2) Approximately 1,500 square feet of stone foot paths were con- 
structed in and around the plant units with materials left by the con- 
tractor who built the plant. 

(3) A considerable area of land from outside of the fence drains 
across the lawns and down the embankments. During heavy rains, 
washouts occurred at a number of places in the new embankments. In 
order to alleviate this condition, a drainage ditch was dug outside of the 
fence for the full length of the property east of the entrance gate. This 
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ditch has intercepted all water from outside of the fence and has re- 
duced washouts considerably. However, still further corrective meas- 
ures will be necessary in order to finally remedy this condition. 

(4) A concrete ramp was constructed up the embankment adjacent 
to the garage to facilitate the passage of men and tools up to the level 
lawn above the embankment. 


Due to the late planting of grass seed, the grounds required very 
little attention until the first of September. From that time on until 
the last week in October, two men were employed continuously on 
eround maintenance. 

Shrubbery and small trees were planted at various locations around 
the Service Building and other portions of the property. The shrubs 
are a mixture of Rhododendron, Azalea, and other evergreens. 

Miscellaneous.—Several miscellaneous items pertaining to the 
operation of the plant may be of interest. 


(1) The service water pumps for pumping outside service water 
and for pumping water to the chlorinators use settled sewage for this 
purpose. Considerable difficulty was experienced with the clogging of 
street washers on the outside lines, and with the clogging of the duplex 
strainers on the chlorine injector lines. A drum type screen was con- 
structed of 44-inch copper wire mesh and placed over the inlet to the 
service water line. The installation of this screen has reduced clogging 
difficulties to a minimum. 

(2) Drain piping was installed for the sludge pump and for the 
service water pumps. The installation of this pipe eliminated the con- 
tinuous spilling of water over the floor and facilitated the maintenance 
of the boiler room floor in a tidy condition. 

(3) The sump pump which was installed to automatically dewater 
the building sub-structure by means of an old construction sump has 
proven extremely satisfactory. Since this pump has been placed into 
automatic operation, all evidence of leaks due to ground water in back 
of the building walls or under the floors has disappeared. 


Cost of Trunk Sewer Maintenance.—The summary of cost given 
below includes the cost of obtaining the sewage flow measurements as 
this cost is not directly chargeable to the sewage treatment plant. It 
also includes one half of the cost of maintenance of mobile equipment, 
the other half being justly chargeable to the cost of operating the 
sewage treatment plant. 


CE) Cleaning Sewers ANG RIDNONS oil eee eos a eae te wae Nene $1,532.06 
(2) Dewaswde How MeCAsUIOMeNte. 2.2 66. 666 ae tae cea dewe dane « 371.49 
(3) Maintenance of mobile equipment....................0.000 8: 115.49 
(4) Inspection of new connections... ............... 00.200 eeeeeees 58.88 

Cre oh tI Ra re Recs nn Baa Sa ne as ota ne Res Sete $2,077.92 


Sewage Flow Measurements.—Sewage flow measurements were 
made during the 30-day period from November 10th to December 9th, 
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1937. Existing gauging stations, using rated sewer sections, were used 
for measuring the flows. 

From the measured flows, the average daily flow of sewage con- 
tributed by each member municipality was determined. The results 
of these sewage flow measurements were made the subject of a special 
report dated December 15, 1937. 

Pursuant to instruction given on August 26, 1937, a comprehensive 
study of the problem of accurately measuring the sewage flows from 
the member municipalities was undertaken. The purpose of this study 
was to establish a method or methods of sewage flow measurement 
which would guarantee reasonably accurate results, and an equitable 
division of Sewage Treatment Plant and Trunk Sewer annual operat- 
ing costs. The results of this study were embodied in a special report 
dated November 16, 1937. 


SUMMARY 


The results of the first part-year of operation may be summarized 
as follows: 


(1) The operating organization has been successfully organized. 

(2) The treatment plant performance obtained has been consistent 
with that intended by its designers. 

(3) The Rahway River has already shown physical evidence of 
great improvement. 

(4) Maintenance costs, either on a per million gallons treated basis, 
or on a per capita basis, have been reasonable, and somewhat lower 
than those of other treatment plants and systems in this area serving 
like purpose. 

















Editorial 





OXYGEN DEMAND OF SLUDGE DEPOSITS 


The most objectionable feature of a grossly polluted stream is the presence 
of floating, gas-lifted sludge, foul in odor and nauseous in appearance. Abate- 
ment of stream pollution should always be directed first to the removal from 
sewage of the settleable solids, and second to the reduction of the B.O.D. of the 
clarified sewage. Although it is generally accepted that clarification accom- 
plishes about 35 per cent reduction of B.O.D. and complete treatment 90 per 
cent, the actual benefit to the stream by clarification may greatly exceed 35 per 
cent, particularly in the early months of summer. 

Stabilization of sewage sludge deposits on stream beds is accomplished at 
the expense of the dissolved oxygen of the supernatant water. The well-known 
accelerating effect of comparatively small increases in temperature on the rate 
of oxygen demand of sewage also applies to sludge, and when the water tem- 
perature reaches 15 to 20 degrees Centigrade in June, a sudden increase in the 
oxygen requirement of sludge deposits oceurs. For a few weeks the sludge de- 
posits may erupt violently and the river surface may be covered with a carpet of 
bubbling sludge. Later in the summer, the water temperature may reach 30 
degrees Centigrade, and as the temperature mounts, the sludge continues to 
putrefy, although not with the explosive violence associated with the onset of 
summer weather. 

For a long time it has been known that the oxygen demand of freshly settled 
sewage sludge is far greater than that of digested sludge, or of stream deposits 
several vears old, but there have been comparatively few investigations of the 
rate of B.O.D. of sludge. In the past few years, however, attention has been 
directed toward this subject at a number of research laboratories in the United 
States. Results of investigations of B.O.D. of sludge and river mud have been 
reported by Rudolfs, Fair, Theriault and Baity, the latter in this issue (page 539). 
Studies have also been under way since 1935 in the laboratories of the Sanitary 
District of Chicago and undoubtedly similar work has been carried on elsewhere. 

Dr. Baity’s paper on the results of his work at Harvard in 1925 is very in- 
teresting, and he has studied more phases of the problem, at one time, than other 
investigators. He started with raw sewage sludge, with a high volatile content, 
and with very thin layers, ranging from .089 to 4.0 centimeters in depth. The 
experiments were carried on for only 36 days. As Dr. Baity states, it is recog- 
nized that this period was too short to establish many factors related to the 
long-time incubation required for the complete stabilization of sludge deposits 
of appreciable depth. The curve of oxygen in his Fig. 2 is ended with the state- 
ment ‘‘oxygen demand essentially satisfied,’’ but it seems to the writer that this 
conclusion is subject to doubt, and if the tests had been continued, the oxygen 
demand might have continued indefinitely, and the total after a year or two 
might have been double the 36-day total. 

Other studies, on somewhat different bases, and with deeper layers of sludge, 
have been continued to 400 days (Rudolfs) and 700 days (Sanitary District of 
Chicago). The results of Dr. Rudolfs’ study are given in an abstract in this 
issue (page 636). A somewhat casual consideration of the results of both studies 
shows the following : 
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Mgm. 5-day B.O.D. per Gm. 


Days at Volatile Solids 
20 deg. C. Rudolfs San. Dist. Chi. 
Bl ata vs eis site ria: spa woes Del on eeu a ace merteu 380 
oO Sas See BOO ine sae we eese bes 270 
MG ase sGuicikh eae ka eee wou seaiesh anaes 210 
LLU eet 24° OPI err tree ict tne 170 
PRMD Stite is sts eters wines Saw EO nua e een ae 140 
Mees Sisters or aise o TRS onic cree ae ee 105 
DRO a sieht ck aise <tr eee 97 
Der tieis e Beaans ous apis Fae ig Siackis rete vaya tarts 96 


The rate after 40 days was approximately 70 per cent of the initial rate in 
both cases, while even after 400 days, the rate was still 20 to 28 per cent of the 
initial. During a summer period of about 120 days, the rate might therefore 
decrease to about half the initial. During the following winter the sludge would 
remain practically dormant, and through the following summer the rate would 
again decrease to about one-half of the initial rate of the second year. After 
this, the rate would apparently remain more or less constant for a number of 
years, at 100 mgm. 5-day B.O.D. per gm. of volatile solids. A number of well- 
digested sludges from the Illinois River have averaged around this value. The 
sludge beds studied by Rudolfs, in the Connecticut River below Springfield, 
Massachusetts, also averaged approximately 100 mgm. per gm. volatile solids. 

Dr. Baity gives a 10-day B.O.D. for the Brockton sludge of 244 mgm. per gm. 
volatile solids, equivalent to approximately 180 mgm. on a 5-day basis. This is 
lower than the values found by Rudolfs and the Sanitary District of Chicago 
for fresh sewage sludge, but higher than has been reported for sludge from 
river bottoms. 

Notwithstanding these variations, which may be ascribed to the effect of dif- 
ferent techniques, the fact remains that a procedure is being developed and 
data are being accumulated that will enable us to evaluate the effect of sludge 
deposits in stream studies. Even with sewage treatment, sludge banks will be 
formed from storm-water discharge. With data based on the organic content 
of sludge, we can in time evaluate the influence of such deposits. 

The influence of sludge in the lower reaches of the Illinois River has been 
discussed briefly by Wisely, who states on page 569 of this issue that in the 
stretch from Mile 162 to Havana (Mile 120), 50 per cent of the total oxygen 
demand was exerted by sludge deposits. The Board of Review of the Sanitary 
District of Chicago estimated that the sludge deposits in the upper Illinois 
River exerted an oxygen demand in summer that was equivalent to the total 
flow of sewage, thus doubling the load on the oxygen resources of the river. 

The consensus of those who have studied the oxygen demand of sewage sludge 
seems to be that by far the greatest source of deoxygenation is caused by freshly 
settled sludge, deposited during the winter months and throughout the current 
summer. Such deposits, when allowed to pass through another winter, will 
show a greatly reduced rate of demand during the second summer. Dr. Imhoff 
once suggested to the writer that under some conditions it might be desirable to 
skim off the surface of lake bottoms early in the spring, in order to remove 
sludge deposited during the previous winter. Such vacuum cleaning has not 
been accomplished, so far as the writer knows, but there is a great deal of signifi- 
cance in this suggestion. 

It is fortunate that so many investigators are studying the oxygen demand 
of sludge deposits, with reference to stream conditions, and our efforts to abate 
stream pollution will be on a sounder foundation when we have more information 
on this important subject. 

F, W. M. 
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Proceedings of Local Associations 





TEXAS WATER AND SEWAGE SHORT SCHOOL 


Twentieth Annual Meeting 
College Station, Texas, February 14-18, 1938 


The Twentieth Anuual Short School, held under the auspices of the 
Texas Division, Southwest Section, American Water Works Associa- 
tion, Texas State Department of Health, and Texas A. & M. College, 
proved to be one of the most successful held in recent years. The 
course, Which was given at the Texas A. & M. College at College Sta- 
tion, Texas, under the direction of Mr. KE. W. Steel, Professor of Mu- 
nicipal and Sanitary Engineering, lasted from February 14 to February 
18. About 250 persons were in attendance representing about 100 
Texas cities. 

The instruction was divided into three divisions: a water super- 
intendents’ section, a sewage treatment and stream pollution section, 
and a laboratory section. 

Probably one of the most successful features of the recent school 
was the holding of the many informal round-table evening discussion 
groups. Many plant operators who could not be persuaded to make 
themselves heard in a regular session were only too eager to deliver 
their opinions in these informal discussions. 


SEWAGE TREATMENT SECTION AND STREAM POLLUTION 


The high-light of the School was no doubt the Sewage Section which 
met on Thursday and Friday. Among the principal speakers were 
Mr. J. K. Hoskins, Senior Sanitary Engineer, United States Public 
Health Service; Major EK. A. Wood, Director Texas State Planning 
Board; the Honorable Conde R. Hoskins, Chairman of the Legislative 
Committee on Stream Pollution; and Colonel E. D. Rich, Chief Sani- 
tary Engineer of the Michigan State Department of Health. The Sec- 
tion opened with a symposium on Stream Pollution, its origin, conse- 
quence, and possible methods of control. The Michigan program for 
the licensing of sewage treatment plant operators was discussed in 
some detail by Colonel Rich. 

Other topies considered were the ‘‘Securing of Sewer Connections”’ 
by Mr. H. E. Hargis, Texas State Health Department, and Mr. A. E. 
Stein, Sanitary Engineer with the City of Bryan. These papers 
pointed out in detail how house-to-house canvasses were made and how 
the general public was educated to codperate and to desire to connect 
their premises to the municipal sewer system. The method of ap- 
proach to the individual householder and also statistics dealing with 
the number of sewer connections that had been secured in the city as 
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the result of this particular work was brought up. Mr. E. A. Baugh, 
Chief Engineer, Works Progress Administration for the State of 
Texas, delivered a particularly interesting discussion regarding the 
assistance that the Works Progress Administration would extend to 
the State municipalities to improve their sewer system facilities, and 
included the construction of a sludge drying bed, treatment plant opera- 
tion, additional settling and digestion capacity, and the extension of 
sewer mains and laterals. ‘‘The Dallas Sewage Treatment Program,”’ 
by Mr. A. P. Rollins; ‘‘The Treatment of Milk Plant Waste,’’ by Mr. 
Oakes T. Turner, Sanitary Engineer; and ‘‘Chemical Treatment of 
Sewage,’’ by Mr. C. E. Yaffee, of the El Paso Disposal Plant, were 
particularly interesting in that they presented definite figures and data 
on these specific problems. Mr. Wm. Pralle, Sewage Engineer with 
the City of Houston, pointed out the results of experiments designed 
to assist in the operation of an overloaded activated sludge plant with 
a chlorine application to the return sludge at an average rate of 5.34 
p.p.m. which was followed by considerable improvement in the qual- 
ity of the plant effluent, a distinct reduction in the number of sphaero- 
tilus in the sludge, and considerable alleviation of bulking difficulties. 
Mr. A. P. Honeock, City Manager of Kerrville, discussed the farm 
owned by the City, upon which is placed the effluent of the Imhoff Tank 
disposal plant. In addition to irrigation of feed stock, hogs are fed on 
garbage and sheep are grazed upon the pasture section of the farm 
area. Annual gross profits for the four year period 1934-1938 for the 
value of crop and stock returns over farm operating expenses were 
$465.31. The operation of the Kingsville Sewage Irrigation Treat- 
ment Plant was described by Mr. R. L. Peurifey, City Engineer, and 
Professor at Texas A. & M. College. Sewage from 6,000 contributing 
population is passed through a coarse bar screen and is applied as an 
irrigant directly on to approximately 120 acres of land or disposed into 
a 12 acre lake where it is stored for future use in irrigating land ad- 
jacent to the lake. Considerable success has been had with the grow- 
ing of rhodes grass. Operating cost exclusive of depreciation and in- 
terest on the plant amounts to $0.24 per person per year and excellent 
financial rates are obtained from the irrigated land. 

Mr. J. C. Oliver of Floydada presented a well received paper which 
dealt with the operation problems of the small sewage treatment plants. 
This paper pointed out methods of detecting grease and oil flowing 
into sewers, a newly developed type of grease trap, control of foaming 
in an Imhoff Tank, and described all odor and maintenance problems. 
Several symposiums of stream pollution were held throughout the sew- 
age treatment session, including the showing of stream pollution slides, 
prepared by the University of Texas, Division of Visual Instruction. 
Mr. E. L. Filby presented a set of photographs and slides showing the 
construction of the new Denver Sewage Treatment Plant, and dis- 
cussed its effect on the control of stream pollution. 

The members of the sewage session presented for adoption a reso- 
lution requesting the State Department of Health to institute a course 
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of instruction, both through itinerant teachers and correspondence, for 
training sewage plant operators; the resolution further requested 
that plans be instituted by the State Department of Health along the 
lines of the sewage plant operation to give the operator credit for 
knowledge and qualification, to provide greater stability in employ- 
ment and recommendation with the municipality in an effort to produce 
better trained personnel. These resolutions were adopted by the gen- 
eral body. 
Laporatory SECTION 


This section, which ran concurrently with the other two divisions, 
laboratory tests for both water and sewage plant control and operation 
were discussed and demonstrated. In addition to bacteriological, 
chemical, and other physical tests, one period was devoted to the mak- 
ing of threshold determinations for odor control. 


ANNUAL BANQUET 


The annual banquet, held Thursday night, was attended by approxi- 
mately 250 persons. In addition to the participants of the School there 
were present, Doctor Geo. W. Cox, State Health Officer, who delivered 
the main address of the evening and Doctor W. P. Harrison, Chairman 
of the State Board of Health. Dr. Cox discussed at some length the 
plans which had been made by the Water Works Fraternity within the 
State which had been climaxed at this meeting by the issuance of The 
Water Works Manual, and he went on further to outline a program for 
future work which would carry on the record, already set by the water 
works and sewage men of Texas. 

The Honorable Conde R. Hoskins, Chairman of the Legislative 
Committee on Stream Pollution, with great fervor, portrayed a picture 
of the pollution, not only existent in our Texas streams, but that which 
would result if adequate treatment and control measuures were not 
adequately carried out. Mr. Hoskins stated his belief that no City re- 
gardless of its size or its industry, notwithstanding its economical im- 
portance to the area, has the inherent right to pollute a public stream or 
in any way make that stream water indisposable for use by any individ- 
ual living thereon. 

Before the close of the banquet Mr. V. M. (Vic) Ehlers, Texas State 
Sanitary Engineer, was called upon to take the floor and review the 
many years work of the Short School which had been culminated in the 
publication and distribution of a comprehensive Water Works Manual. 


New OFFIcers AND RESOLUTIONS 


The following officers were nominated by the nominating committee 
and elected by acclamation by the organization: 


Mr. J. L. Horner, Henderson, President. 
Mr. V. M. Ehlers, Austin, Secretary. 
Mrs. Karl H. Goodwin, Austin, Assistant Secretary. 
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Mr. A. G. Classen, El Paso, First Vice-President. 

Mr. D. B. Dickson, Wichita Falls, Second Vice-President. 
Mr.S. C. Clark, San Benito, Third Vice-President. 

Mr. M. J. Salmon, Commerce, Fourth Vice-President. 


A resolution was prepared providing for the codperation of some 
state school or some other institution in the establishment of a labora- 
tory together with sufficient competent personnel for the study, testing, 
and approval of plumbing facilities and appliances and the formulation 
of codes and regulations for their design, manufacture, and installation. 
Another provided for the appointment of a committee of qualified per- 
sons to advise with the State Department of Health in promulgating a 
program for the training and licensing of sewage treatment plant 
operators and superintendents. The Committee on Water Purification 
devices and purification processes recommended that all such devices 
be thoroughly investigated and studied in a Laboratory to be set up 
at either the University of Texas A. & M. College, or some other suit- 
able State Institution, before presented for approval by the Water 
Works School. Before the close of the School, licensing examinations 
for those eligible men desiring to take them were supervised by Dr. 
W. T. Gooch, Chairman of the Licensing Committee. Approximately 
20 men took advantage of this opportunity to acquire their license. It 
was with considerable pride that Dr. Gooch pointed out that the State 
now had over 500 licensed Water Works Operators. 

V. M. Enters, Secretary 


KANSAS WATER AND SEWAGE WORKS ASSOCIATION 


Eleventh Annual Meeting 
Lawrence, Kansas, March 24-26, 1938 


The eleventh annual meeting of the Kansas Water and Sewage 
Works Association was held in the Engineering Building of the Uni- 
versity of Kansas, Lawrence, Kansas, on March 24-26, 1938. 

The total registration was 124. 

Prior to this meeting, from March 21-23, a short school was held 
during which time lectures and laboratory work were given relating 
to water and sewage treatment. 

The papers dealing with sewage treatment were: ‘‘ Physical 
Hazards in Water and Sewage Treatment ’’ by Charles C. Dills; 
‘¢ Water and Sewage Works Under P.W.A.”’ by R. J. Paulette; ‘‘Re- 
cent Developments in Sewage Treatment’’ by R. KE. Lawrence; ‘‘The 
Biology of Trickling Filters and Activated Sludge’’ by W. C. Purdy; 
‘““The Detection and Measurement of Stream Pollution from the Stand- 
point of Aquatic Life’’ by Paul D. Haney; ‘‘Stream Pollution Control’’ 
by L. F. Warrick; ‘‘Financing Sewage Treatment Costs’’ by A. B. 
Martin; and ‘‘Treatment and Disposal of Industrial Wastes’’ by L. F. 
Warrick. 
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A round table discussion of stream pollution and sewage treatment 
problems in Kansas was held on Friday afternoon, following the formal 
papers. 

The annual banquet was held in the Union Building of the Univer- 
sity of Kansas, at which time Dr. E. H. Lindley, Chancellor of the 
University, greeted the group. An illustrated lecture by A. D. Aldrich 
of Tulsa, Oklahoma, followed the banquet. His subject was ‘‘ Practical 
Fisheries Management on Municipal Lakes and Reservoirs.”’ 

At the annual business meeting the following officers were elected: 
President, H. L. Lingo, Horton; Vice-Presidents, R. R. Sparks, Troy, 
W. O. Myers, Ottawa, F. A. Rathert, Junction City, and A. F. Regier, 
Moundridge; Secretary-Treasurer, Karnest Boyce, Lawrence. 

Earnest Boyce, Secretary 





MICHIGAN SEWAGE WORKS ASSOCIATION 


Thirteenth Annual Conference 
East Lansing, Michigan, March 30—April 1, 1938 


The annual conference of the Michigan Sewage Works Association 
was held at Michigan State College, East Lansing, Michigan, March 30, 
31 and April 1, 1938, following the annual short course which was held 
the first two and one-half days of the week. 7 were registered at the 
conference in addition to 26 of the 58 who attended the school but who 
were unable to stay over the remainder of the week. This was the 
largest attendance at the Michigan conference on record. In addition 
to excellent papers given by Michigan members, the Association was 
particularly fortunate this year in being able to secure three outstand- 
ing men from outside the state for the program. 

The conference was opened by a very cordial welcoming address 
by Pres. Robert S. Shaw of Michigan State College. 

The following papers were presented: ‘‘Operating Experiences and 
Results of First Year’s Operation at Ann Arbor’’ by Harold P. Dodge; 
‘‘lirst Impressions of Sewage Treatment in Neighboring States’’ by 
Robert J. Smith; ‘‘ Jackson Sewage Plant Operation’’ by R. A. Greene 
and R. B. Jackson; ‘‘Natural Stream Purification as Applied to Prac- 
tical Measures of Stream Pollution Control’? by H. W. Streeter; 
‘*What’s New and Interesting in Sewage Treatment’’ by L. H. Enslow; 
‘‘Picturing an Industrial Plant Disposing of Its Wastes’’ by T. J. 
Powers; ‘‘Comments on Sewer Rental in Ann Arbor’’ by Geo. H. San- 
denburgh; ‘‘ Application of Laboratory Analyses and Studies to Plant 
Operation’’ by E. Hurwitz; and ‘‘Design Features of the Lansing 
Sewage and Garbage Treatment Plant’’ by W. R. Drury. 

The annual banquet was held on Thursday evening at which time 
Dr. O. R. Yoder, Assistant Superintendent of the Ypsilanti State Hos- 
pital, gave an address entitled ‘‘Mental Health in the Community.”’ 

A feature of the program consisted of group discussions, the selec- 
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tion of the group being a choice of the individual member. This point 
of the program has been instituted as a substitute for the ‘‘Question 
Box’’ in an effort to secure participation by a greater number of in- 
dividuals in the discussions. A gadget contest was held, the prize 
awards being won bv the operators at the Muskegon and Pontiac plants. 
An inspection of the Lansing plant, now approaching completion, 
concluded the program. 

At the annual business meeting H. P. Dodge of Ann Arbor was 
elected President; Allan Kronbach, Monroe, Vice President; L. F. 
Oeming, Michigan Stream Control Commission, Director for 1938-39; 
W. F. Shephard, Michigan Department of Health, Secretary-Treasurer ; 
and W. L. Mallmann, Michigan State College, continues in office as 
director for the year 1938. 

W. I. Suepnarp, Secretary 





FEDERATION RESEARCH COMMITTEE REPORT 


ComMMENTsS BY CLINTON L. Bocert 


Mr. Clinton L. Bogert, of the firm of Sanborn and Bogert, Consult- 
ing Engineers, 30 Church Street, New York, has requested that the 
following letter be published. It was submitted to Professor Phelps 
and his reply follows. Editor. 

April 12, 1938 

Professor Earle B. Phelps, Chairman 
Committee on Research 
Federation of Sewage Works Associations 
College of Physicians and Surgeons, Columbia Univ. 
168th Street and Broadway 
New York, N. Y. 

Re: Danbury Treatment Works 
Dear Professor Phelps: 

May we ask you to take what steps you can to correct the wrong impression of the 
economies of the Danbury treatment plant project in your Committee report in the 
March 1938 issue of the Sewace Works JOURNAL, where you arrive at the conclusion: 


“one wonders whether fine screening and settling at the hat works might not have 
been equally effective, saved the cost of a new plant, and reclaimed waste fur with a 
by-product value.” 

Your Committee should have had the following facts before them in shaping the con- 


clusion: 


1. Danbury is one-industry town. 

2. There are about 30 hat and fur establishments scattered over the City. 

3. When we suggested individual plants in 1923, the spokesman for the manufac- 
turers replied that they were the chief support of the City and that the treatment of 
the industrial wastes was a municipal responsibility. 

4. The State Water Commission (William R. Copeland, Chief Engineer) gave the 
City of Danbury a mandatory order to improve the sewage treatment plant. 

5. At the same time, some 12 or more plaintiffs appeared in suit against the City 
(before these plant improvements were completed) claiming damages for injuries arising 
from pollution of the stream. 
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In the circumstances the City of Danbury had no choice but to extend the plant. 

You may be interested in the exceptionally good results obtained at the enlarged 
Danbury plant, as shown by the State Department of Health tests. At the time of the 
tests neither chlorine nor lime were being applied. 
































| Suspended Solids B.O.D. Alkalinity 
Point of Sampling 
P.p.m. | Per Cent] P.p.m. | Per Cent} P.p.m. pH 
November 2, 1937 
Inlet to Fine Screen............ 210 320 4 4.4 
Outlet Settling Tanks.......... 91 52 150 53 61 6.3 
Outlet Trickling Filter......... 30 13 49 6.9 
Outlet Bimal Tank. o6.6. 6 sec aes 27 87 13 96 55 6.9 
February 1, 1938 
Inlet to Fine Screen........... 190 260 4 4.6 
Outlet Settling Tanks...:...... 64 66 170 35 52 6.2 
Outlet Trickling Filter......... 42 44 39 6.7 
Outlet Pinal’ Tank... 6.c08 so. 23 88 22 91 43 6.9 


Yours very truly, 
C. L. BoGert, 
SANBORN AND BoGERT 
Copies to Messrs. Emerson, Faber, Enslow, Scott and Copeland. 


Repty spy Proressor PHELPS 


I note with interest Mr. Bogert’s list of facts which are submitted for the guidance 
of our Research Committee in correcting “ The wrong impression of the economies of the 
Danbury treatment plant project in your committee report... .” Apart from Item No. 
3 it would not appear that these facts have any bearing upon the selection of any par- 
ticular remedy. Admittedly the plant was overloaded and pressure was being brought 
upon the city to improve the situation. Admittedly also, Danbury is a one industry 
town and there are about thirty hat and fur establishments seattered over the city. 

The question of the economies of the solution, which is the only question raised by 
Mr. Bogert, would seem to be adequately disposed of in his Item No. 3. From this it 
appears that he himself had suggested individual treatment plants and that the sug- 
gestion was vetoed by the “spokesman for the manufacturers.” It would seem, there- 
fore, that the first proposal of the engineers, presumably based upon sound economies, 
was vetoed as a matter of practical or possibly political expediency. 

The above are my personal views, as I have not thought it necessary to submit Mr. 
Bogert’s communication to the committee membership, all of whom reviewed and ap- 
proved our report before publication. 

EARLE B. PHELPS 
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EXPERIMENTAL RAPID FILTRATION AT HUDDERSFIELD 


By Dr. H. H. GOLDTHORPE 
Abstract, The Surveyor, 93, 365 (1938) 
Discussion, The Surveyor, 93, 385 (1938) 


Following the recently reported work in America on high rates of dosage of trick- 


ling filters, experiments have been conducted at Huddersfield with high-rate trickling 
filters, having in mind the use of the process particularly as a preliminary treatment for 


the strong English sewages. 

The experiments at Huddersfield were made by dosing two identical filters, one at 
10 and the other at 20 m.g. per acre per day of settled sewage from a single orifice box. 
The filters consisted of 8 ft. long by 2 ft. diameter concrete pipes placed vertically on 
9 in. concrete collars and filled to within 1 ft. of the top with 2 to 4 in. size hard clinker. 
A false concrete floor with 1 in. circular holes at 21% in. centers supported the medium 
and some half dozen holes were made through the collar below the false floor to provide 
additional ventilation. Settled sewage was pumped to a 15-gallon constant head ori- 
fice box from which two sharp-edged circular orifices (5/16 and 7/16 in.) fitted into 2 
in. risers controlled the rate of flow, adjustments in the rate of flow being obtained 
through variation of the head on the orifices by screwing the pipe risers up or down in 
the orifice box. The orifices discharged into rotary distributors made (as discussed by 
Mr. Wishart) by “ extending the axle of a bicycle hub and attaching a brass can 3% in. 
diameter by 6 in. deep, fitted with two 1% in. brass tubes about 9 in. long and drilled 
with holes.” 

The time of flow through the filters was obtained by adding 250 ee. of saturated 
sodium chloride solution to the distributor cans, sampling the effluent 1, 2, 3, 4, 5, 7, 9, 
11, 13, 15, 20, 25, 30, 35, ete., minutes later and determining the time required for half 
the added salt to pass through the filters. Routine catch samples of settled sewage and 
filter effluent were taken daily, the influent being taken from the orifice box and the 
effluent being sampled after an interval of time corresponding to the time of flow through 
that filter. These times of flow varied from 20 to 2514 minutes and 7 to 9 minutes for 
the filters dosed at 10 and 20 m.g. per acre per day respectively, the peak periods of 
salt concentration occurring at about 7 and 2 minutes respectively. 

Loeal ponding of the beds occurs and migrates from place to place, but no general 
ponding was observed. Psychoda congregate under the ponded portions protected from 
the heavy wash, lay their eggs and the larvae make short work of the blockage. The 
growths on the surface of the bed may interfere with ventilation but have never hind- 
ered purification. With slightly warmer conditions, the fly life increases until the beds 
are nearly stripped clean; then most of the Psychoda larvae are washed out, after which 
the growths rapidly increase until fly life is again re-established. Rainy week ends 
and holiday periods cause a light colored filamentous growth which might prove trouble- 
some if such conditions were normal. During dry weather it is believed that filter tem- 
peratures will remain high enough to provide sufficient Psychoda development to keep 
the bed open, and during periods of melting snow and cold, wet weather the sewage 
fortunately carries a smaller load. 

The pH of the settled sewage, normally about 4.5, was raised to 6.5 by adding lime. 
The average amounts of settleable (Imhoff cone) suspended matter in the effluent from 
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each filter is about the same. Based on 4 hour oxygen absorbed from permanganate, 
the percentage purification was 30 per cent for bed (a), dosed at 10 m.g., and 20 per 
cent for bed (b), dosed at 20 m.g. per acre per day. The Huddersfield plant, itself, 
gives a maximum of 70 per cent purification. Figures for the latter part of the run 
approached a value of 40 per cent purification for filter (a). The B.O.D. values, using 
200 p.p.m. NaHCO; in stored tap water for dilution, were variable but averaged 55 
per cent purification for filter (a) and 45 per cent for filter (b), and also showed im- 
provement toward the end of the run. To obtain the relative purification of rapid 
filtration and chemical coagulation, the settled sewage was treated with 100-160 p.p.m. 
of aluminum sulfate, the results being as follows: 


























Oxygen Absorbed 5-day B.O.D. 
P.p.m. % Purif. P.p.m. % Purif. 
POEM P RAS Os srice Sis weiss SR TASER Sts. checteew th eae 204 160 
Gk 1h, (7) A a Cre ee ei tees Oa eke 138 31.6 72 55.4 
PMN TAL Ae So ec Aa vcioves enon ea vO TU tenth ee 161 21.4 90 44.7 
Clarified BETHECO SEWAGE... ... chcac ies oe ee Ohba sd Lie Y _ 13.7 78 53.1 








A tabular comparison of the effect of the increased dosage on filter (b) compared 
to (a) is as follows: 











4; = Ratio 
Filter (a) Filter (5) (a)/(b) 
Time of contact—miMutes...... 0.0 cece ce cee wdewees | 22 8 2.75 
4-hour oxygen absorbed, per cent purif................ | 30 20 Lio 
DaOAy is Os OEE COMMU PULL «ch siciy vide 6 p04 Savile «aise e-e | 55 45 1.22 
Lbs. oxygen demand/acre/day removed: 
4-hour oxygen absorbed permang................. | 6,300 8,400 75 
| 8,800 14,000 .63 


ieee Five 4, 01 () ee a A age 8,5 





Discussion—Mr. J. M. Wishart (Shipley) stressed the applicability of rapid fil- 
tration as a preliminary process and its advantages in ironing out irregularities in sew- 
age composition, and questioned the author regarding the effects of temperature and 
sewage colloids and whether any subsurface filter sampling had been done. Dr. Gold- 
thorpe replied that with warm sewage on cold days the ventilation through the bed was 
upwards, causing a hoar frost to collect on the pipe above the beds, but keeping the 
bed sufficiently warm for good activity by Psychoda larvae. He thought that a sewage 
freer of colloids would have less tendency to pond but might show less percentage of 
purification. The beds had been disturbed to a depth of a foot on only a few occasions 
but at those times the interior seemed to be cleaner than the surface. 

Mr. M. Lovett (West Riding Rivers Board) pointed out that in the daily results 
the net removal was frequently greater with a higher value of the applied sewage and 
suggested that this might be due to the removal of only the most easily oxidized frac- 
tion of the total demand. He thought the divergence between permanganate and 
B.0.D. test was not, unusual, but wondered if a more complete picture might not be ob- 
tained by using the oxygen absorption from dichromate. Dr. Goldthorpe replied that 
the filter did remove much the same percentage of the oxygen-consuming bodies rather 
than a fixed quantity, regardless of the sewage strength. No nitrogen determinations 
had been made. 

Mr. H. H. Stanbridge (Pudsey) wondered how much of the success and the free- 
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dom from filamentous growths had been due to previous removal of colloidal matter and 
grease by prior acidification. He stated that the filter at Pudsey only ponded during 
wet and winter weather. He pointed out that the filters were in operation from Au- 
gust 2d, whereas the recorded results started September 29th, and asked if the author 
considered the filters fully matured after this period. He questioned the author as to 
the rate of secondary filtration which would be necessary to bring the filter effluent 
within the 20 p.p.m. standard required by the West Riding Rivers Board. Dr. Gold- 
thorpe stated the preliminary period was given over to experimental work, largely with 
distributors, and that the filters had apparently matured in about three weeks. He 
hoped to be able to apply the rapid filter effluent to secondary filters at about twice eon- 
ventional rates. 

Mr. C. Lumb (Halifax) thought it would have been desirable to inerease the flow 
through the rapid filters during wet weather to correspond to normal increase in plant 
flow. He wondered if Dr. Goldthorpe could explain the removal of three times the 
oxygen-demanding material per acre in the 20 m.g. filter which received only twice the 
dosage of the other. At Halifax they had forty filters dosed at a rate of 50 gallons 
per cu. yd. and he wondered if there would be actually much improvement obtained by 
putting all flow through one filter and then re-applying it to the other 39. Dr. Gold- 
thorpe replied that he wanted to avoid another variable by keeping the flow constant 
but that a study of the 10 m.g. filter in dry weather as against the 20 m.g. filter in wet 
weather might partially answer the question. He thought the fly nuisance could be 
lessened by placing the rapid filter away from houses and that the secondary filter would 
probably have less film growths and fewer flies than in conventional operation. 

Mr. T. Gough (Spenboro) brought out by questioning that the 2 in. to 4 in. medium 
had been so chosen as to be slightly larger, 4% in., than that generally used in American 
experiments. 

Dr. A. Key (Leeds University) suggested that experiments made on the same rate 
of flow per cu. yd. of material as rapid filtration but at a rate per acre equivalent to 
conventional trickling filter practice (7.e., filtration through a very shallow bed) might be 
interesting and would show whether a stated volume of medium could best be utilized 
in a shallow or deep layer, with rapid linear flow in either case. He suggested as pos- 
sible reasons for the increased efficiency of rapid filtratien: better ventilation, higher 
temperatures, especially in winter, or the deposition of sludge more uniformly through- 
out the bed. 

Mr. D. H. Barraclough suggested that the increased removal of oxygen-demanding 
materials from the more concentrated sewage was due to supplying the filter with a 
greater amount of material which it was capable of removing. Because of the low over- 
all removal, it seemed unlikely that the process would be adopted in England as a single- 
stage process. 

Mr. W. D. Scouller (Huddersfield) mentioned work by the Royal Commission at 
rates up to 550 gals. per cu. yd. which gave trouble with filter clogging, and work by Dr. 
Mohlman treating sewage with a B.O.D. of 70 p.p.m. which gave a similar percentage 
purification to that at Huddersfield, about 50 per cent. He thought the oxygen absorbed 
figures for permanganate were high due to organie dye wastes which would absorb 
oxygen from permanganate but which were not amenable to biologic oxidation. He 
commented on the uniformity of the results obtained at Huddersfield as against Hal- 
vorson’s results which showed a variation of from 30 to 80 per cent removal. He thought 
the higher temperature of the bed during cold weather had much to do with the suecess 
of the process. Additional experiments were being planned at Huddersfield with a filter 
20 ft. in diameter, divided into two parts, with a different size medium on each part. 

Mr. E. H. Staynes (Chairman) cited experiments at Dewsbury on double filtration, 
using two 6 in. diameter filters with 5 ft. of 1 in. hard clinker and 6 in. of 3 in hard 
clinker on the bottom. Settled sewage was fed at a rate of 400 gal. per eu. yd. to one 
filter and then passed through the second. After 6 weeks the first filter clogged with a 
grey slime which disappeared rapidly on reversing the order of dosage of the filters, 
and by again reversing the order of dosage every three weeks, clogging could be 
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avoided. An attempt to increase this rate to 500 gal. per eu. yd. had resulted in de- 
creased efficiency of the primary filter. Results obtained were as follows: 








Oxygen 5-day 
absorbed, B.O.D. 
(P.p.m.) (P.p.m.) 


NOs Per cent 
(P.p.m.) | purification 





First period, 6 Tank effluent 45.8 























weeks Primary filter 10.9 10.5 9.8 76.20 
Secondary filter 9.5 8.6 14.9 79.21 

Second period, | Tank effluent 47.4 
3 weeks Primary filter 11.5 11.2 6.5 75.95 
| Secondary filter 9.2 8.4 11.9 80.59 

Third period, 3 Tank effluent 43.0 
weeks Primary filter 14.3 20.2 4.6 66.75 
| Secondary filter 9.5 8.2 10.0 80.23 

: |__| 
Fourth period, | Tank effluent bys 








3 weeks | Primary filter 13.0 18.3 4.9 | 75.33 
Secondary filter 10.2 8.3 9.0 80.65 





R. W. Kener 


MULTIPLE-STAGE SEWAGE SLUDGE DIGESTION 


By A. M. Rawn, A. Perry BANTA AND RICHARD POMEROY 


Proceedings, American Society of Civil Engineers, 9, 1673 (Feb., 1937) 


This 26-page paper reports the results of four years’ experience with multi-stage 
digestion in a full-sized plant at the Los Angeles (Calif.) County Sanitation District 
works near Harbor City. The whole plant has been treating 14-18 M.G.D. of sewage 
by the activated sludge process. Sludge has been digested satisfactorily in ten days. 

Digestion Tanks——A group of digestion tanks consists of four contiguous tanks, 
each 56 ft. wide, 3714 ft. long, 19 ft. total depth, and 15 ft. water depth. The tanks are 
arranged in a line with one wall common to two tanks and so that the top of each tank 
is three feet below that of the tank preceding. The bottom slopes continuously 1 on 
12 with a sludge hopper at the lower end of each tank. Longitudinally, the tanks are 
divided into three equal bays by baffles which extend from the roof to within one foot 
of the bottom. Gas openings are provided in the baffles at roof line. Hot water piping 
in vertical loops supplies heat—chiefly to Tank No. 1. Gas is collected from domes in 
the roof. 

Sludge—one-third primary, two-thirds activated, plus 20 per cent digested sludge— 
is introduced into the two outer bays of Stage 1 Tank. Sludge that sinks to the bottom 
passes under the baffles to the center bay from which it is piped to the two outer bays 
of Stage 2 Tank, where the process is repeated and so through all four tanks and stages. 
Thus the process is one of “gravimetric selection” wherein settling signifies inorganic 
material or—ultimately—the completion of digestion of organic material. Digested 
sludge is drawn from No. 4 Tank to a storage well for discharge to drying areas. Super- 
natant is taken from Tank 4 and oceasionally from No. 3. 

Sludge Quantities —Total digestion data are given for quarterly periods. Two year 
averages of these are: 
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July 1933 July 1935 


April 1935 April 1937 
Ce Sa Loa 0 CS ee 14.7 18.1 
Raw Solids Added, Lb. per Day................2.... 46,700 — 
Per Cent Volatile—Raw Solids...................... 70.86 70.97 
OS a ee 56.59 20.07 
Per Cent Digestion of Organic Matter................ 46.4 47.4 
Average Moisture—Raw Sludge..................... 95.3% 


Nominal Detention—days...................0eeeeeee 13.5 to 10.3 


Actual Detention about 20 per cent less. 


Scum.—Upon two occasions studies were made of the distribution and makeup of 
solids in the several stages. The first determination which followed 25 months of opera- 
tion showed the greater percentage of the organic contents of the tanks to occur in the 
upper zones and covered with a thick scum mat. Samples of this scum were screened 
on an 8-mesh screen and were found to consist of about 17 per cent solids which were 
62 per cent to 68 per cent organic material. The scum, despite much contained semi- 
permanent material, was quite digestible. Scum in this investigation was regarded as 
constituting about one-eighth of the tank solids. The total tank solids ranged from 9.4 
per cent in Stage 1 to 2.7 per cent in Stage 4 with the volatile decreasing from 62.8 per 
cent to 58.1 per cent through the several stages. 

The second survey of tank contents was made 7 weeks after a cleaning and showed 
no regularity in the vertical distribution of solids. The total tank solids varied irregu- 
larly among the four stages between 1.6 per cent and 3.5 per cent, but the volatile de- 
creased with some uniformity in each stage from 64.1 per cent to 58.2 per cent of the 
solid material. 

Reduction in Organic Matter—The per cent organic matter destroyed is given by the 
formula, 
Ratio of Organic to Ash in digested sludge 


Per Cent Digested = 1 — ——_____ 
Ratio of Organic to Ash in fresh solids 





Over the four year period the organic matter added to the tanks was reduced by 47 per 
cent. Later detention for 27 days in the storage pits led to a 14 per cent reduction of 
the organic material added to the pit. 

Gas—Production and Use——Gas yields from the several stages of digestion were 
determined during four successive periods which aggregated 115 days. The gas meas- 
ured and estimated as lost was 270,000 eu. ft. per day or 17,400 lb. gas from 16,300 Jb. 
organic matter destroyed. This amount of gas is 107 per cent of the weight of organic 
matter destroyed. The average percentage production of gas from each stage was: 


Stage 1—44.7% of total gas 
2—21.2% of total gas 
3—18.0% of total gas 
4—16.1% of total gas 


Additional digestion for periods of about 20 days served to increase the gas yield about 
20 per cent. Digestion temperatures were from 79° F. to 85.6° F. 

About 32 per cent of the gas was CO.. Hydrogen sulfide rarely exceeded 0.02 per 
cent. About 50,000 cu. ft. of gas were burned daily and led to deterioration of flues 
in about eight months. This was eliminated by installing forced draft in the flues to 
prevent condensation. 

Gas collection piping has not deteriorated, but electric conduits about the tanks have 
been affected by leakage of gas. 

_ A 200 H.P. gas engine uses about 110,000 cu. ft. of gas daily. Power is produced 
at a cost of 0.18 per K.W.H. and to include operation, maintenance and 10 year amorti- 
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zation at 6% interest. Valves are ground 2-3 times yearly. Rings were changed after 
23 months’ operation. 

Heating System.—The heating coils are 2-in. extra heavy W.I. pipe arranged ver- 
tically along the longitudinal baffles of the first three tanks. They were designed to 
raise the temperature of Tank 1 to 85 deg. and to compensate for losses in succeeding 
tanks. There is no temperature stratification. Clean pipe had a conductance of 347 
B.t.u. per day per ft. of pipe per degree of temperature differential. After 30 months 
use with 0.5 in. seale coating, the conductance rate was 84 B.t.u. 

Measurements of heat input led to the following: 


Heat sapplied in’circulation water. ...0... 5.36. 0s seco ce oles 13,900,000 B.t.u./day 
Required for heating sludge in first stage... ...............45. 13,400,000 B.t.u./day 
Error, radiation and possible endothermic action in first stage. . . 500,000 B.t.u./day 
PIGat HMIMD WHOIO RYUBVOIDS «4.03. <5 4b cae awe s oe ee beacause sours 13,900,000 B.t.u./day 
SUE CRS a 12,700,000 B.t.u./day 
Radiation and endothermic requirements 4 stages.............. 1,200,000 B.t.u./day 


The latter amount represents a value considerably less than that found by Keefer and 
Kratz.* 

Foaming.—Foaming is observed occasionally in the first or second tanks but, only 
recently, has caused diffieulty from stoppage of gas lines. Foaming is attributed to a 
temporary unbalance between fresh and digested sludge, and due, in turn, to periodic 
rather than more nearly continuous seeding. The first tank provides 6 ft. of height 
above the water line; the remaining tanks 4 feet. 

Stirring —Tanks are equipped with gas lifts for stirring, but their value or need is 
regarded as doubtful. 

Sludge Drying.—Sludge is dried on sand beds—663 tons/Ac./yr. and also in la- 
goons 2 ft. deep—342 tons/Ac./yr. On the sand beds, with sludge at 4% per cent 
solids, one-half of the moisture drains away in 48 hours. 

Sludge is sold from the beds at $2.00 per ton of dry solids. 

Costs—Exclusive of land, the digestion tanks cost $132,000. Drying beds and la- 
goons cost $24,500. Annual costs for 1934 were: 



































- — eS = 7 
| Sludge Drying 
| Digestion Filtration 
| : | | Supernatant 
Sand Beds Lagoons | 
Operation and Maintenance............. | $ 3,455 $2,790 $ 545 $ 495 
Capital Charges...........2..:0ese0e- | 10,580 1,480 250 260 
: st ee ast Pte 
[OU ERE ae are areas ih cock Neer | $14,035 $4,270 $ 795 $ 755 
miudge. TPons—Raw.. . .. <0. 500s0c8% 6 on | 8,470 2,730 5,740 6,770 
Digested................1 4,800 1,550 3,250 3,840 


CHEMICAL STUDIES 


The chemistry of digestion was studied in detail during a 12-month period. Half 
of the paper is devoted to this subject. 

Changes. in Sludge Liquor.—Analyses were run on the sludge liquor in the four 
stages and also on sludge digested for a subsequent period of 23 days. Determinations 
were made of solids, nitrogens, volatile acids, bicarbonate, silicon dioxide, phosphate, 
sulphate, chloride, calcium, ete. Principal quantitative values were: 


* The Interchange of Heat During Sludge Digestion. This Journal, 5, 3 (1933). 
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| Days Nitrogen si Bicarb. Volatile 
| Detention | HCO, * | Acids as | pH 
. | Acetic 
NH; pis — i 
(SSS Se ae 22 | 8 — 26 
CALS | oD RR | 753 116 — 177 
ET ES errr | | 183 * 32* | 1306 * 59 * 
TLS S| ley Ss Se Sarai eS on 2.6 | 444 148 | 2124 829 6.74 
eee eictise ining. s v8 Aiea on 2.6 583 93 3059 790 6.93 
nah ik bs Pos 2.7 692 | 64 3929 470 | 7.06 
ES ae nee 1.3 757 | 77 4502 228 | 7.14 
Post Digestion . eee “By 1026 | 113 5867 57 =| 7.26 





Except for —— results are in parts per million. 
* Computed. 


The paper includes comments upon these and other determinations. 
Digestion of Ether Soluble Matter.—Determinations for ether soluble matter showed 
averages of 


Primary Sludge....... ee 5 ater ona arse re 
Activated Sludge... . rN a eee S208 
Digested Sludge.......... : Pasi kesace ae |) | 
Pit Sand Sludge (post diges ed). Keon Geom ee 7.6 


Subdivision of the ether soluble was: 





Primary | Activated | Digested 
Mee Acids. ............... CAS ip tee 66% | 62% 26% 
OS SCT) OFS (5 1 a a a ae ead 28% 20% 28% 
Non-Saponifiable........... ey we ee eee | 6% | 18% 46% 
Phospnine (PH;)..............-. eee a 0.11% | 0.06% 0.07% 
Equivalent weight of acids................ 306 | 309 | 272 


Comment is, the indications being, that “ very little true fatty acids are present in 
the digested sludge, it appears that the insoluble soaps are destroyed quite completely in 
the digestion process.” 

Nitrogen Balance.—Determinations of nitrogen on samples of the different sludges 
showed no loss of nitrogen in the digestion process. This conelusion was later checked 
by careful experiment. A division of the nitrogen is shown by the following tabulation: 


Nitrogen in 


Solids Solution 
SORE NERES AA ie ot a vc ee 98.6% 1.4% 
[eee ) cil i ORS ae a 56.8% 43.2% 
Post Digested Sludge (23 days additional)............ 41.3% 58.7% 


If the sludge is dried on sand beds to the usual 50 per cent moisture, it will contain 
about 60 per cent of the original nitrogen less that lost through digestion during drying. 
The digestion of nitrogenous matter roughly parallels that of other organic matter 
and the percentage of nitrogen in solid matter shows no great change. 
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Changes in Solids —Changes in solids 


MULTIPLE-STAGE SEW 


AGE SLUDGE DIGESTION 


are shown thus: 
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ses Digested ney era 
Raw Sludge Sludge Post Digested 
SDN EED SIONGUOR 0c Rak’ ach aus wie om aiso eee 100 52.1 42.2 
er EH NT RUBE cores ot. Boo cs agusvaraiess sane aeatees 27.6 8.1 6.5 
SUTRA E Te DO Nea Suen a8 ae inc ees eh era 36.2 21.2 16.1 
36.2 22.8 19.6 


CAINS SEs ES (Ts) a | 





Results in Pounds. 
* Assumed at 6.25 X nitrogen percentage. 


Gas Analyses.—Average values for determinations of 


following table: 


gas content are quoted in the 




















| First Fourth tit | Weighted 
Stage Stage ac Ave. 
GarbOnrUIoMGe:. «se kP stesucnene Soy haw | 34.5 29.7 33.8 32.4 
Hydrogen piMpinde 5 ..4)s .s.esaa ts eee | 0.0068 0.0035 0.012 0.0043 
Carhon MOnONGG)...fcc6 i. sksetse east TOS 0.02 _ 0.03* 
EEC TAO ERT, | 0.018 0.01 — 0.02* 
RAMEN eee atectegtiese cosa ga si) eto ney unde agaghe an — — 0.004 — 
MGR ENG © o0y 5525s SAMs ste sepia orto ate aN | 0.00001 0.00001 0.00001 ~= 
EG it markintier ae bist SA che | _- 0.00093 — — 
Methane (by difference)t............... | 65.5 70.3 | 67.6 


Results in per cent. 
* Not to exceed values given. 





+ A sample analyzed for other hydrocarbons showed Ethane 0.04 per cent; Propane 0.01 per 


cent; Pentane and heavier 0.07 per cent. 


SUMMARY AN 


pD CONCLUSIONS 


The summary and conclusions of the paper are quoted verbatim: 


“ (1) Results of a 4-yr. study of the operation of a four-stage digestion system 
disclose that, with a nominal detention time of about 12 days, a reduction of 47 per 


cent of the organic matter added was 


achieved. 


The sludge produced dried satis- 


factorily without odor or fly nuisance, and showed no appreciable difference in 
drying characteristics when compared with sludge digested three times as long. 

“(2) The results are also quite conclusive in determining that agitation by 
mechanical equipment is not needed in separate sludge digestion. 

“ (3) Controlled seeding of raw solids with digested sludge, as accomplished in 
the multi-stage process, may be a factor in efficient digestion. 

“(4) The design of the tanks permitted a large accumulation of scum without 


reducing the efficiency of the system. 


““(5) The survey reveals that no appreciable liberation or absorption of heat 


occurred during the digestion process. 


“(6) The presence of relatively large quantities of iron salts in the sludge ap- 
pears to have no deleterious effect upon the digestion process, and is beneficial in 
holding the concentration of hydrogen sulfide in the gas to a very low value. 

“ (7) No nitrogen is lost in the digestion process. 


soluble form and appears in the sludge liquor. 


A portion is converted into 


The quantity remaining in the 


solids is approximately proportional to the organie matter remaining. 
“ (8) The gas from the first stage is not substantially inferior to gas from the 
other stages as regards utilization for fuel; 47 per cent of all gas was produced in 


the first stage. 


FRANK C. TOLLESs 
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DISCUSSION 
Proceedings, American Society of Civil Engineers, 64, 596 (March 1938) 


By WILLEM RupDOLFS AND H. HEUKELEKIAN 


The method of selective withdrawal of solids is theoretically correct but unless sludge 
is circulated, the practice results in large and accumulating amounts of scum in the early 
stages. Data of the paper are interpreted to show that, when cleaned, Tanks 1, 2 and 3 
had lost 25 to 30 per cent of their capacity. 

Los Angeles sludge, as a mixture of 1/3 primary to 2/3 activated, is reported to 
have a solids concentration of 4.7.per cent. This high concentration may account in 
part for the short digestion periods. Operation data indicate that the tanks were work- 
ing at full or even abnormal capacities. 

Short time digestion has been attained elsewhere, but, in the absence of post storage 
and digestion, there has been difficulty in obtaining a free draining sludge which would 
dry under usual climatic conditions. 

Temperature stratification may occur in a single tank where large amounts of di- 
gested sludge are held, but it should not occur in stage digestion. The drainability of 
sludge on drying beds is a function of the digestion. ‘“ Well-digested sludge (52 per 
cent solids) loses as much as 85 per cent of its total moisture (at 74° F.) by drainage.” 
This decreases as digestion is less nearly complete, and at the point where 80 per cent 
of the gas has been evolved, reduction of moisture by drainage may be 40 to 50 per cent 
in the first 24 hours. 

The fact that digestion entails no loss of nitrogen has been proved by other investi- 
gators. The nitrogen is transformed from insoluble to soluble and it is carried out with 
the supernatant. Soluble nitrogen also drains from drying sludge. If this could be 
retained it would constitute soluble nitrogen which would increase the fertilizer value 
of dried sludge. This has been accomplished in part in some processes. 

Temperature is the important factor in the digestion of properly seeded sludge. 
Short period digestion at high temperature is effective in reducing solids, but the sludge 
does not dewater readily. Thermophilic digestion at 130° F. followed by digestion at 
85° F. is practicable but necessitates stirring. The work at Los Angeles is valuable in 
showing the apparent practicability of short period multi-stage digestion which does 
not require excessive care in operation. 


By Hermann Bacu 


The subdivision of a process into parts for more effective operation must include 
consideration of construction and operating costs so necessitated. The Los Angeles 
design by its inclusion of four stages into one structure, and in a manner that avoids 
undue increase for labor, minimizes such costs. 

Question is raised as to the most desirable number of stages and as to whether there 
should be variations in sizes of compartments. Using gas production as an index of the 
progress of digestion, the following relations appear: 














| Stages 

| : 

} 4 | 2 3 4 
Ee Ee ee A ee SE, ey A oe | 
PeRIROS CT MEMS EPOGUCHION. 2... 55. cick cece lee ee 1 0.46 0.40 0.36 
Ratios of Volume Requirements for equal gas production 1 a | 2.48 2.8 








The curve of digestion shows sudden decrease after substantial decomposition and then 
gradual reduction to a point which is beyond the “technical digestion range” (Imhoff). 
This characteristic of digestion must be recognized in determining the number of stages 
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and the volume for each. The reported data show nearly uniform rate of digestion in 
Stages 3 and 4 and suggests that it might be sufficient to provide three stages only if the 
third stage tank has more volume than the other two. This procedure would reduce the ex- 
tent of “ gravimetric selection ” and this might prove to be the eritical factor. 

Seum is formed by the floating of fats and oils and, although mineral oils are very 
resistant to bacterial decomposition, those of animal and vegetable origin are susceptible 
to anaerobic action. The conditions of moisture and atmospheric isolation favorable 
to anaerobic activity are not met in the Los Angeles design where the scum is too dry. 
Means for moistening and for preventing atmospheric contact are needed. 

The drainability of the sludge could be improved by providing for gravity discharge 
on to the drying beds instead of pumping as the latter releases entrained gas. 


A number of corrections to the original article are given in the March Proceedings. 
FRANK C. TOLLES 





THE DESIGN AND OPERATION OF THE COLESHILL SEWAGE- 
DISPOSAL WORKS OF THE BIRMINGHAM, TAME AND 
REA DISTRICT DRAINAGE BOARD 


3y FRANK CHARLES VOKES 


J. Inst. C. E., Jan. 1938, pp. 323-362 


The Coleshill Works is an activated sludge plant designed for a population of 67,000, 
with a flow of 36 gallons per capita per 24 hours. The dry flow is 2.5 Imperial m.g.d., 
but the plant can treat 7.5 m.g.d., and provide storm water settlement for an additional 
7.5 mg.d. The present population is around 50,000. The layout is arranged for ex- 
pansion to 335,000. 

The plant consists of a bar screen with 314 in. openings, hand cleaned; a detritus 
tank with three channels, one being used on dry flow at 1 ft.p.see. velocity. The detritus 
tank is cleaned by an electrically operated dredger. The purification plant is arranged 
in three parallel lines, each consisting of a primary sedimentation tank, a pre-aeration 
tank, a secondary sedimentation tank, an aeration tank in three separate parallel bays 
and a separating tank. 

Each of the three primary sedimentation tanks is 44 ft. in diameter, with the floor 
sloped at 30 degrees to a central well. The tanks are mechanically cleaned, with center 
feed and peripheral outflow. In the pre-aeration tanks, the sewage receives the excess 
sludge from the aeration plant for 44-hour aeration. The three secondary sedimenta- 
tion tanks are rectangular, through-flow type, with from 11.7 to 8.6 hr. period. These 
are hand cleaned. 

Each of the aeration tank units has three separate parallel sections, 20 ft. wide, 110 
ft. long, with four lines of 6-in. diffusers set at the bottom of V-shaped troughs. By 
weirs at the outlet the period can be varied from 16.4 to 12.3 hr. The depth over the 
diffusers varies from 8.5 to 11.25 ft. Rotary air compressors of the crescent type with 
sliding blades are used. 

Each of the three final separating tanks is 44 ft. in diameter with the floor sloped 
at 30 degrees to the center well, continuously mechanically cleaned. The tanks have a 
capacity of 4 hr. dry flow. When passing three times the dry flow the maximum up- 
ward rate of flow is 8.8 ft.p.hour. 

The sludge is digested in eight parallel rectangular tanks, each 61.33 ft. long, 31.33 
ft. wide and 16 ft. deep. Five are used as primary tanks, the digestion being completed 
in the secondary tanks. The total capacity provided is 3.25 eu. ft. per capita. The 
total retention time is approximately 12 weeks. The supernatant liquor is conveyed to 
the incoming raw sewage, four acres of sludge drying beds are provided, or 342 persons 
per sq. yd. Sheet steel gas collectors float on sludge in the five primary tanks. The 
steel employed contains 0.35 to 0.5 per cent copper. The gas is piped to the power 
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house to run two 120 h.p. 4-cylinder vertical engines direct-connected to an 80 KW. 
generator. The engines can be run on fuel oil in an emergency. The exhaust gases 
heat the alkaline water from the secondary digestion tanks, which is circulated through 
the primary sludge digestion tanks. 

The plant went into service in October, 1934. The strength of the sewage varies 
greatly through the 24 hr. of the day. A small amount of marl was fed to the aeration 
tanks to improve the settling qualities of the sludge. Table I shows a typical 24-hour 
result from 8 A.M. on Feb. 3 to 8 A.M. on Feb. 4, 1936. 


TABLE | 








Parts per Million 




















| Primary | Pre- Secondary 
| Crude | Sedimenta- | aeration | Sedimenta-| Final 
Sewage | tion-tank Tank- tion-tank | Effluent 
| K-ffuent effluent Effluent 
Suspended solids............... | 177 | 56 110 28 trace 
(OS ra 32.6 | 31.9 31.2 25.1 28.7 
Albuminoid ammonia............ | 68 6.7 3.9 4.3 1.3 
Chlorides (as chlorine)........... Tre 6 80 76 56 60 
Oxidized nitrogen............... ;  — oa — — 1.5 
Oxygen absorbed in 4 hours at 80° | 
F. from N/80 KMnOQ,: 
(a) Sample containing solids in | 
MMIII Sian cic eie 6 a's « - | 45.6 41.2 40 23.2 6.8 
(b) Sample after 2 hours’ quies- | 





cent sedimentation. ........ 


32.8 | 33.2 28.8 20.8 6.4 














The effect of pre-aeration is indicated by a typical analysis: 





Parts per million 
Without 
Pre-aeration 





With 
Pre-aeration 


NEUE NMINNANSRTN MNSTURRINIANI oo SNe Sie ha is aus Soke Fe se Row ORR 4.8 4.0 


Oxygen absorbed in 4 hours at 80° F. from N/80 KMnQ,....... 30.3 22.9 
Biological oxygen-demand in 5 days...............00e0 eee eee 107.0 70.3 








Several interesting charts show the monthly averages for 14% years. The air has varied 
from 1.1 to 1.8 million cu. ft. per day. The flow treated has varied from 1.25 to 4.05 
m.g.d. The detention period has varied in the aeration tanks from 5 to 15 hours, with 
the air varying from 0.4 to 1 eu. ft. per gal. The return sludge was approximately 
720,000 gallons per 24 hours and the excess sludge passed to the pre-aeration tanks was 
90,000 gallons per 24 hours. The horse power per m.g.d. of average sewage was 14.20, 
and per m.g.d. of dry flow 18.78. The sludge pumped from the primary settling tanks 
averages 93.8 per cent moisture, with solids containing 75 per cent organic matter. The 
sludge from the secondary settling tank averages 97.3 per cent moisture with solids 
having an organie content of 79.5 per cent. The digested sludge discharged to the dry- 
ing beds contains 95.5 per cent moisture, and the solids contain 54.2 per cent organic 
matter. The gas yield was 0.78 cu. ft. per capita per 24 hours. The temperature in 
the primary digestion tanks was 69 degrees F. (varying from 64 to 74 degrees). 

Details on costs are given, together with a comparison with the cost of construction 
and operation of the other Birmingham works. 








-? 
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cs Annual Cost per 
Plant * Pop’n. Construction Total Annual 
Cost Cost 

Cap. M.G. 
IG aR ee ord ho | 235,000 $ 720,650 $ 75,335 $0.32 $22.04 
CO” Rae eee ee ee 375,000 1,006,300 102,915 0.275 18.80 
NOiio a cee | 470,000 1,725,000 124,775 0.265 18.24 
NGfL ais 2h es See 125,000 529,100 42,570 0.335 23.36 
NGOs se oe Uy 100,000 574,280 44,935 0.44 31.00 
GIES. 3 id Oss co 67,000 206,140 27,865 0.41 30.62 





Note: Costs are translated into U.S. dollars on basis of £1 = $5.00. 


Minworth. Bioflocculation Plant No. 1; bacteria beds with fixed spray jets. 


No.1 

No. 2. Minworth. Bio-flocculation Plant No. 2; bacteria beds with rectangular travelling 
distributors. 

No. 3. Minworth. Bacteria beds with fixed spray jets. 

No. 4. Minworth. Bacteria beds with rectangular travelling distributors. 

No. 5. Yardley. Bacteria beds with rectangular travelling distributors. 


No. 6. Coleshill. Activated sludge works. 


In the discussion, Messrs. T. Peirson Frank, R. G. Herington, H. C. Whitehead, C. B. 
Townend, L. F. Mountfort, Dr. Calvert, W. T. Lockett, A. P. I. Cotterell, W. H. Hillier, 
M. F. G. Wilson and the author took part. Lockett contrasted this plant operating with 
a low air supply and long detention period, with Mogden, a relatively liberal air-supply 
and short detention period. Lockett advocates using more air, if economically possible, 
and short periods, to avoid certain operating difficulties. Lockett favors operating to 
pass a mixed liquor to the final settling tanks containing 50 per cent saturation dissolved 
oxygen, or to have 10 to 20 parts of nitric nitrogen in the final effluent. He contrasts 
the gas yield of 0.78 eu. ft. per capita per 24 hours with 1.0 at Mogden. 

The author pointed out that Modgen has a dry weather flow of 50 gallons per capita 
per 24 hours with 290 p.p.m. suspended solids, whereas Coleshill has respectively 37.5 
The primary sludge at Coleshill had a grease content of 26 per 


gallons and 170 p.p.m. 
The sludge was 


cent. High temperatures for digestion were not considered necessary. 
loaded to a depth of 18 or 20 in. on the beds, drying to 5 in. in from 6 to 10 months. 


It was desirable to have more than 1 sq. yd. per 3.5 persons. 
LANGDON PEARSE 


FILTER PRESSING OF SLUDGE 


By J. T. THOMPSON AND J. W. PROCTER 
Abstract, The Surveyor, 98, 235-236 (February 4, 1938). Discussion, The Surveyor, 93, 
285-289 (February 11, 1938) 


Filter pressing, in spite of its abandonment in the past under unfavorable eondi- 
tions, is still the best method of sludge treatment in many places. This is especially 
true if the sludge contains sufficient grease to make recovery profitable after acidifica- 
tion or if the sewage contains trade waste which has a beneficial coagulating or sterilizing 
effect on the resultant sludge, or if the site available for sludge disposal is limited. 

The capital cost for the new Leeds press house was about $210,000 for a plant in- 
cluding four air compressors, eight rams and 20 presses. The operating expenses * for 
the year ending March 31, 1937, were as follows: 


* Note: Costs are translated into U. S. dollars on basis of £1 = $5.00. 
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During the year 131,900 tons of 90 per cent sludge were filtered, producing 36,780 
tons of approximately 60 per cent cake. Therefore, excluding interest and sinking fund 
charges, operating costs were $1.05 per ton of cake, or $0.29 per ton of 90 per cent 
sludge. Other available figures on sludge disposal are: $0.99 per ton of pressed cake 
at Glasgow, compared to an estimated equivalent cost of $0.78 for barging the sludge to 
sea; $1.91 per ton at Burnley, where only 4,000 tons per year are produced in an old 
plant; in 1923 Watson gave figures of $0.31 per eu. yd. for digestion and air drying 
90 per cent sludge on beds, which would amount to $0.29 per ton excluding interest, the 
same as filter pressing at Leeds. 

To prevent fouling of the filter cloths due to fermentation during warm weather, 
the sludge is treated with 6 p.p.m. of chlorine, which is only about 1% of the chlorine 
demand but it has proven beneficial in reducing odors and controlling fermentation. 
Lime (1 per cent) is added to make the sludge alkaline to phenolphthalein, and the 
sludge is allowed to remain for 48 hours for completion of the coagulation in the sludge 
hoppers of 400 tons capacity. Water is decanted carefully at each step and the nor- 
mal water content of sludge going to the filters is 87 per cent, while that of the press 
cake averages 57 per cent. 

Since the best cake is obtained by keeping the pressure low during the early stages 
of pressing, the feed lines to the lines of presses have been cross connected and one 
compressor is used to fill two lines (8 presses), the pressure being increased to a maxi- 
mum during the last half hour of the run. Three hours are required to fill and press, 
and one hour for unloading, cleaning, ete., giving two pressings per day from each unit. 
The presses discharge directly into cars which are drawn by tractor up a runway and 
discharged either into railway cars or trucks. At present only 8 per cent of the cake 
is sent by rail, about 24,000 tons being sold at 25 cents per ton to farmers during 1937. 
Air-drying on a platform to 20 per cent moisture for disintegration and sale at $1.87 
per ton was tried but the demand was small. The most economical filter cloth has 
been found to be a heavy twilled jute, 54 in. wide, weighing 30 oz. per sq. yd. and 
protected against fouling during warm weather by a 0.36 lb. cotton cloth. The cotton 
cloth tears away after about 30 fillings and the jute is then continued in service for 
another 30 fillings or so. 

To determine the filtering quality of the sludge, it is experimentally conditioned 
and allowed to stand for 24 hours, then 300 ¢.c. is placed in each of several Buchner 
funnels with No. 3 Whatman filter paper. A regulated vacuum is applied and the time 
required for the vacuum to break due to cracking of the cake is multiplied by 5 to de- 
termine the approximate time required to form a good eake in the presses. Residues 
of thin sludge are digested for about 9 weeks in two 92,000-gallon tanks and ean be 
pressed satisfactorily with the fresh sludge in concentrations up to 10 per cent. 

Levels in the sludge storage tank are placed so that the upper half of the sludge 
flows by gravity to the rams while the lower half is drawn in by suction from the air 
compressors. One pair of rams is therefore emptied while another is filling. A work- 
ing unit of the plant as a whole consists of one air compressor, one pair of rams and a 
line of four presses. Corrosion conditions in the plant are severe, requiring frequent 
protective painting and ample ventilation. The press plates are cleaned after drying 
with a rotating wire brush driven by an electric breast drill. 


DIScUSSION 


Mr. C. Lumb (Halifax) commented on the development of sludge pressing in Eng- 
land as against vacuum filtration in America. He thought conditions were quite favor- 
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able at Leeds for filter pressing, since the lime required was comparatively small, the 
disposal of the cake to farmers fortunate and labor costs low due to the large size of 
plant. Acid pressing, while feasible largely due to grease recovery, yielded about 1/3 
less cake due to a lower water content and the absence of a heavy precipitate from the 
added conditioner. By using heat, experimentally, they had obtained a cake of 33 per 
cent moisture. 

Dr. H. H. Goldthorpe (Huddersfield) stated that the whole costs for acid press- 
ing at Huddersfield were $5.00 per dried ton on 5,000 tons per year, but the income 
amounted to about $40,000. Pressing costs were $3.90 per dried ton, of which $1.52 
was for acid. Their figures for the year were: 
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Excess liquor could not be decanted due to rising gas bubbles. The presses at Leeds 
seemed light, since his presses weighed 35 tons for a working pressure of 80 lb. as 
against 20 tons for a working pressure of 100 Ib. at Leeds. In determining the filter- 
ing characteristics of a sludge in the laboratory, he had obtained more uniform results 
by using the time required for filtration of a definite volume of sludge liquor rather than 
the authors’ method of timing the cracking of the cake. 

Mr. F. Oliver (Harrogate) stated that he had improved filterability by using ochre 
water from a nearby mine in addition to lime as a coagulant. Heating the sludge had 
not improved its filtering qualities. He had found increasing the pressure to a maxi- 
mum of 100 Ib. per sq. in. during the first 40 minutes the equal of starting with a pres- 
sure of 40 Ib. and gradually increasing it, but considered careful decanting of the excess 
water, pressing the sludge as fresh as possible and frequent cleaning of the press plates 
of more importance. 

Mr. W. H. E. Makepeace (Hanley) stated that operating costs at Hanley were 
slightly higher ($1.26) than at Leeds, due largely to a bonus of $2.50 per week given 
laborers in that department. 

Mr. T. Gough (Spenborough) deseribed the method of sludge disposal in use at 
Spenborough. After abandoning, in 1915, a pressing scheme adopted in 1908, 22 acres 
of land were divided up into half-acre beds by 31% foot earthen dykes. Sludge was 
pumped to these beds and, after digestion, a crust formed and eventually grew up with 
weeds and moss. Filling now took place under this seal and the level dropped from 
11% to 2 feet by evaporation and seepage between fillings. The sludge would, of course, 
have to be cleaned out at some time but so far this had not been necessary. 

Dr. A. Key (Leeds Univ.) wondered if equally good results in filtering might not 
be obtained by adding the lime required for conditioning to the influent sewage. He 
also commented regarding the loss of soluble ammonia through lime treatment and 
stated that it might be worth while to study means of improving the fertilizing value of 
the sludge by retaining this ammonia. 

Mr. E. H. Arrowsmith (Bredbury and Romiley) thought that recovery of power 
from digester gas should be weighed against the cost of sludge pressing. 

Mr. P. G. Lloyd (Kingston on Thames) stated that pressing costs were only slightly 
higher at Kingston ($1.15) with a much older plant than at Leeds. At Kingston, how- 
ever, they had capitalized the lime bill and put down extra presses, drawing sludge only 
once a day. 

Mr. A. Hunter (Glasgow) mentioned difficulties they had had in disposing of the 
eake and that they had adopted barging the sludge to sea as the most economical over- 
all method of disposal. 
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In reply to the discussion, Mr. Procter stressed the provision of convenient facili- 
ties for loading trucks with pressed sludge. The cake not disposed of to farmers was 
dumped about a mile from the plant at a cost of 25 cents per ton. Plate breakage at 
Leeds was minimized by casting eight small bosses, about 3 in. in diameter on each 
plate surface. He considered the life of press cloth to be a factor of rot rather than 
of strain from high pressure. 

Mr. Thompson, replying to questions of a chemical nature, stated that they had 
used ferric sulfate waste to produce a good cake from stale sludge. There was very 
little ammonia in the sludge to lose and the chief value of the sludge as a fertilizer 
consisted of its humus content which slowly improved the condition of the soil. Mixing 
of digested and fresh sludge did not cause fermentation of the fresh sludge due to the 
short time elapsing before its disposal. 


R. W. Kenr. 


STABILIZATION OF SEWAGE SLUDGE BANKS 
By WILLEM RUDOLFS 


Industrial and Engineering Chemistry, 30, 337-340 (March, 1938) 


Experiments were performed on the rate of stabilization of fresh sewage solids and 
activated sludge during storage, in an effort to determine the degree and duration of the 
effect of sludge banks on the overlying water. 

The sludge was comminuted, screened, diluted with sewage and allowed to ferment 
one week before the experiment. Then the sludge was placed in two earboys, each two- 
thirds full. One carboy was stored open, and small evaporation losses were made up 
with water. In the other, the supernatant liquor above the sludge was replaced at in- 
tervals with tap water. B.O.D.,* total solids, ash and pH determinations were made at 
intervals on the mixtures and liquid discharged. 


TaBLE I.—B.0.D. Reduction and B.O.D. per Gram of Volatile Matter Present 


























B.O.D. 
| or dipped AEs aera = ee Tee 
} 
| Open Carboy | Decanted Sludge Carboy 
. ; Liquid 
Days | ones | Sludge | aman 
| 
| ie | 
| Grams | | Grams | | Grams 
Per per Gram | Per | per Gram | | per Gram 
| P.p.m. | Cent Volatile | +-P:™- | Cent | Volatile | P.p.m. | Volatile 
Reduced Matter | Reduced Matter | | Matter 
| | | | 
aa eee a Pe = |__| ___ i 
0 7060 | — 0.537 | 7000 | — | 0.526 — — 
10 6180 | 12.5 470 | 5550 | 20.6 | 418 1700 1.51 
18 7480 | +5.0 445 | 5860 | 16.2 .420 1775 1.28 
38 6200 12.5 382 | 5720 | 18.5 | 426 730 1.52 
111 3860 45.2 | .280 | 2400 | 65.3 .240 180 0.51 
129 1475 79.0 | .251 1295 81.5 .210 115 27 
159 1075 84.8 .237 800 | 86.0 .187 60 23 
175 955 86.5 | 217 655 | 89.3 .180 52 22 
209 520 93.4 | .180 | 515 92.6 .163 46 17 
344 425 94.0 | 110 430 | 93.4 104 10 08 
401 440 93.8 .100 | 400 | 946 | 104 3.5 04 














* All B.O.D. results are for 5 days at 20° C, 
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Fresh Solids—The B.O.D. of the sludge in the open carboy dropped rapidly from 
7,000 p.p.m to 1,500 in 130 days, and to slightly over 500 in 200 days. Thereafter the 
reduction was very slow. The B.O.D. of the sludge from which the liquid was decanted 
periodically was reduced more rapidly during the first 100 days, but thereafter the re- 
duction was similar to the open carboy sludge. The results over a period of 400 days 
are shown in Table I. 

The rather resistant volatile matter left in the sludge after 400 days had a B.O.D. 
of 0.1 gram per gram volatile matter, or roughly about 20 per cent of the B.O.D. per 
gram volatile matter of the original fresh solids. After 100 days, the discharged liquor 
had a B.O.D. comparable to an average domestic sewage. After 10 days, the B.O.D. 
per gram volatile matter in the liquid (1.51) was about three times as great as in the 
sludge (0.418). The B.O.D. per gram volatile matter in the liquid changed gradually 
and became the same as in the sludge after about 200 days. Finally the B.O.D. of the 
supernatant became very low, the same as found in many streams. This indicated that 
the putrescible matter in the sludge disintegrated, liquefied and passed into the over- 
lying water in proportion to the quantity originally present. 


TaBLe II.—Volatile Matter Reduction and pH Values 























| Open Carboy | Decanted Sludge 
Davs Per Cent | Per Cent 
j Volatile Volatile 
| pH Matter | pH Matter 
Reduced | Reduced 
1 | 4.8 1.314* | 4.8 1.820* 
111 | 3.5 47.3 | 3.6 47.8 
159 7.5 65.0 | 7.1 53.0 
209 8.3 66.4 | 7.0 | 58.2 
401 | 8.6 68.8 | 7.3 | 63.7 





* Original concentration. 


The volatile matter reduction results and pH changes in this experiment are shown in 
Table II. These data indicate that (after the pH has reached a minimum) there is a recip- 
rocal relationship between the B.O.D. reduction and the pH of the sludge and that the 
pH value indicates the relative stabilization of the material. At the end of the experi- 
ment dissolved oxygen was present in the supernatant of the decanted sludge, small 
quantities of ammonia remained and the liquor was clear, while in the open carboy the 
supernatant contained large quantities of ammonia but no dissolved oxygen and was 
still turbid with a brownish color. 

Activated Sludge—-Two activated sludges, one from Tenafly and the other from 
Madison-Chatham, were placed in two open carboys. The rate of B.O.D. reduction was 
very rapid during the first 2 to 4 weeks. This was followed by a brief interval of little 
or no reduction and another period of rather rapid reduction which gradually decreased. 
These two sludges had initial B.O.D. values of 4350 and 2860 p.p.m respectively and, in 
80 days, more than a 66 per cent reduction had been accomplished. After 170 days the 
B.0.D. of the Tenafly sludge was reduced to 450 p.p.m. and the Madison-Chatham sludge 
to 283 p.p.m.; then the rates of reduction decreased so that in 390 days the values were 
213 and 218 respectively. While the results show that the time required to reach a cer- 
tain B.O.D. level is shorter for activated sludge, calculations indicate that on a volatile 
matter basis there is a fairly direct relation between the B.O.D. of the different sludges 
and the time required for stabilization. 

These experiments show that a mass of sludge deposited in the stream affects the 
B.0.D. of the water passing over it to the greatest extent during the first weeks. When 
sludge is deposited continuously, the effect of a given quantity of sludge is rather 
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constant on the river. Temperature greatly influences the rate of decomposition, so 
that sludge deposited in cold weather would have considerably less effect on the water 
than when the water temperature is higher. In rivers and harbors receiving sewage 
solids continuously where only small quantities are removed by freshets or tides, the 
residue exerts a continuous effect. After one year, only a small fraction of the effect 
of the freshly deposited material is exerted. Where the sewage is removed from the 
watercourse, the river should rapidly improve, but the old sludge will exert a small but 


definite influence on the condition of the water. 
C. C. Rucuuorr 





SURVEY OF THE RIVER TEES. PART III. THE NON-TIDAL 
REACHES—CHEMICAL AND BIOLOGICAL 


By R. W. BurcHer, J. LONGWELL AND F. T. K. PENTELOW 


Water Pollution Research Technical Paper No. 6, Dept. Scientific and Industrial Research, 
XIII + 189, London, 1937 


This is an excellent paper in twenty sections and two appendices dealing with the 
non-tidal section (75 miles) of a small, swift river which gets but little pollution itself, 
but whose principal tributary, the Skerne, is heavily polluted by sewage of the 72,000 
ivhabitants of Darlington. A portion of its 800 square mile drainage basin lies within 
the tidal zone, but just above this zone its flow averages from 100 m.g.d. in summer to 
300 m.g.d. in winter. There is so little industrial pollution in the non-tidal area as to be 
negligible and the study can be considered one dealing with sewage pollution alone. 

Geographic features of the river, industrial surveys, total sewage effluent data and 
rainfall data are well covered, giving an excellent background for the survey. Twenty- 
four sampling stations were set up and the river studied for four years. 

Chemical Studies——Detailed chemical investigations were made showing the mineral 
salts in the Tees and Skerne, while the range of free and saline ammonia, albuminoid 
ammonia, nitrous, nitric and organic nitrogen, dissolved oxygen, oxygen from acid and 
alkaline permanganate were ascertained. The five day B.O.D. was determined for the 
river water at various stations, as well as the B.O.D. of Darlington sewage, which aver- 
aged about 0.186 lbs. oxygen per day per inhabitant, about normal for domestic sew- 
age. Using the B.O.D. of the various sewages, the B.O.D. of the river water above 
each sewer outfall and the estimated flows at these points, it was estimated that all 
sewage effluents except that of Darlington were sufficiently diluted by the river water, 
and concentrated work was done on the effect of this sewage on the Skerne and Tees. 

The pollution shown chemically was substantiated by bacteriological tests. Num- 
bers of bacteria above the mouth of the Skerne were small, but in the Skerne below 
Darlington, and in the Tees below the Skerne were large, and B. coli were usual in 0.01 
ml. samples in these lower areas. The breakdown of organic nitrogen to nitrates as 
followed at eight stations indicated that bacterial decomposition of sewage in the Tees 
oceurs quickly in the summer, but slowly in the winter. An interesting point is the 
observation that organic nitrogen may be due to plant remains in peaty water (or 
manure), which observation was supported by laboratory experiments. Peaty water is 
shown to have an organic composition increasing with the color, and besides introducing 
additional variables in the explanation of nitrogen relationships, it can cause clogging 
of filters in water treatment plants. 

Self purification was shown to take place in three probable stages: (1) Develop- 
ment of bacteria and decomposition of complex organic substances with the production 
of ammonia compounds; (2) reduction of bacteria, increase of protozoa and the pro- 
duction of large quantities of nitrite; (3) production of nitrite and general forma- 
tion of simple oxidation products. Confirmatory data for this were: (1) the average 
number of saprophytic bacteria (those growing on agar at 20° C.) passing a given 
station per minute, high at 20° C., very low up to 8° C., (2) their higher numbers at 
lower stations in winter than in summer, (3) greater concentration of dissolved oxygen 
at lower stations in summer than in winter, (4) lack of seasonal variation in B.O.D. 
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Botanical Studies—One important series of observations showed marked diurnal 
variations in dissolved oxygen and correlated variations in pH and alkalinity. These 
were made by comparing stations with good growths of the green alga Cladophora and 
those where no Cladophora was present. It was further shown that the change in alka- 
linity was due to the conversion of bicarbonate to carbonate, due to the CO, demand. 
Another important observation was that supersaturation with oxygen did not occur 
because of physical factors as plunging over waterfalls, but only because of photosyn- 
thetic activities. A third observation was that photosynthetic activities and rate of 
decomposition of nitrogenous compounds were independent of each other. 

The survey included the species of large aquatic plants and the areas they occupied. 
It was shown that they tended to stabilize the river bed and to increase the fertility of 
the river for other plants and animals. 

Efforts were made to find the factors determining the heavy growths of the branch- 
ing green alga Cladophora. Its seasonal distribution and its preference for sewage pol- 
luted areas was shown, but the actual heavy growth factor was not determined. 

An important part of the survey and one on which very little work has-been done 
elsewhere, was a study of the attached microscopic plants. These were investigated by 
allowing them to grow on slides hung in the water at various stations. In this way 
comparable counts were obtained, in numbers per square millimeter, and tables showing 
spatial and temporal distribution are given. The list is long, and includes: Diatoms, 
filamentous green algae, dise or plate forming (thalloid) green algae, blue green algae 
as well as some desmids and minute green algae normally belonging to plankton. Usual 
seasonal blooms of some of these algae were noted, as might be expected. But other 
factors were studied also, as current, floods, temperature, light and dissolved salts. 
Numbers were roughly proportional to the strength of the current. Floods generally 
reduced the numbers, but at least one species was most abundant at flood times. Scour- 
ing generally lasts but a short time but decreased illumination due to turbidity may 
last a long time following floods. Attention is called to the diverse effects of light and 
temperature on the growth of algae. Tentative conclusions regarding the factors favor- 
ing sessile algae are: (1) Four species favor water with a low concentration of dissolved 
salts. (2) Six species favor moderate salt and organic matter concentration. (3) 
Seven species favor a rich supply of these two. (4) Five species appear to require a 
high concentration of calcium salts. 

Perhaps the most valuable contribution of this section is the abundance of carefully 
compiled data made available as a basis for further studies of this type. 

The algal plankton was studied quantitatively and qualitatively. The amount was 
small because of the steep gradient of the river and the shortage of the water. Two 
conclusions are useful, however—that the plankton is largely derived from the sessile 
forms, being but little affected by that of reservoirs; and that observations on the 
plankton as an indication of river conditions are not so valuable as observations on the 
sessile forms. Whether these observations can be applied to rivers other than the Tees 
is a matter for investigation. 

A valuable three year survey was made of the distribution and abundance of Sphaero- 
tilus in the river. It showed that growth was inhibited by salt water and by colliery 
(sulfuric acid?) wastes but that oxygen concentration and usual temperature ranges 
affected it but little; the extension of its growth in winter being due to winter exten- 
sion of the sewage polluted zone. 

Zoological Studies.—It is pointed out that the larger animals of rivers have at- 
tracted little attention, at least as far as their relationship to pollution is concerned. 
Details of careful sampling show that the Tees was carefully studied. A complete list 
of the animals is given, although species identification of many is an impossible task, 
especially in field work. The largest group eonsists of insects. Communities rather 
than individual species are found to characterize environmental various conditions. Of 
extreme importance is the demonstration that some seven or eight genera make up the 
bulk of the animals at the four stations. This shows that instead of studying the whole 
animal kingdom for an indication of the condition of a body of water, a student could 
specialize on a relatively few groups characterizing particular zones. A striking illus- 
tration of this is the large number of tubificid worms which immediately make their 
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appearance in the Tees on the entrance of the sewage laden Skerne water. Five chief 
factors affecting animals are recognized; chemical composition, current, nature of the 
river bed, occurrence of large vegetation and pollution, and not one of these but is 
easily profoundly modified by man. The effect of pollution is shown in detail and 
valuable data given on the five groups of pollution loving animals headed by tubificid 
worms. The usefulness of this section is further enhanced by the detailed studies of the 
animals of non-polluted stretches, and by the data on seasonal variation of the com- 
monly oceurring animals. 

Fisheries—General observations are given showing that the Tees is a good river for 
several species of fish and that even in the polluted section just below the mouth of the 
Skerne, fishes at least survive to pass through. Brown trout and salmon were shown to 
be of commercial importance and the probability is advanced that if present pollution 
were curbed to a greater extent the river in all reaches might again become a good fish- 
ing river. Laboratory experiments were conducted to show that fresh sewage contains 
unstable oxidizable substances toxic to fish in as short a period as two hours, but 10 per 
cent sewage in tap water between 7° and 15° C. and with not less than 70 per cent 
oxygen saturation was not toxic to brown trout. Other experiments showed that sulfide 
of anaerobic sewage decomposition was a direct poison (regardless of asphyxiation) in 
as little as 3 p.p.m. 

Studies were also undertaken which showed the food of the Tees fishes corresponded 
with the animal and plant list, with insect larvae as the principal food. 

Altogether this survey is of extreme importance in water pollution and sewage 
literature particularly because of its broad approach to the subject, its mass of data 
which makes it a valuable “ background” paper, and its acquaintance with the litera- 
ture. The reviewer feels that its careful approach to conclusions is commendable and 
if he regrets the omission of studies of the microscopic animals, it is with the under- 
standing that a vast amount of work has been performed and put on record, and the 


realization that there are limits to the amount of work three men can do. 
JAMES B. LACKEY 








